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PREFACE
Scope of the report
NON-IONIZING radiation is the term generally applied to all forms of electromagnetic radiation whose
primary mode of interaction with matter is other than by producing ionization. Therefore non-ionizing radiation (NIR)
refers to electromagnetic radiation with wavelengths exceeding 100 nm, equivalent to quantum energies below 12 eV,
i.e., encompassing the spectrum which includes all radiation sources whose frequencies are equal to or less than those
of the near ultraviolet. For the purpose of practical radiation protection, static electric and magnetic fields as well as
energy transport through matter in the form of mechanical vibrations, such as ultrasound and infra sound, may also be
considered as NIR.
Scientific, medical, industrial and domestic uses of devices producing non-ionizing radiation are rapidly
expanding in type and number, leading to a steady increase in the amount of NIR in man's environment and causing
concern about potential health hazards to workers and to the general public from uncontrolled or excessive radiation
exposure. Although these new technologies have been utilized significantly only in recent years and mainly in
industrialized countries, it is likely that their wide applicability will result in their increasing dissemination all over the
world with the potential that people in many countries will be exposed to non-ionizing radiation.
For purposes of health protection, electromagnetic NIR can be subdivided into a number of wavelength (λ) or
frequency (v) ranges:
·
ultraviolet radiation (UV), 100 nm ≤ λ ≤ 400 nm (optical radiation);
·
visible radiation, 400 nm ≤ λ ≤ 760 nm (optical radiation);
·
infrared radiation (IR), 760 nm ≤ λ ≤ 1 mm(optical radiation);
·
radiofrequency (RF) radiation including microwaves (MW), 300 Hz ≤ v ≤ 300 GHz corresponding to 1000 km
≥ λ ≥ 1 mm;
·
extremely low frequency (ELF) fields (v ≤ 300 Hz), in practice mainly power frequencies of 50-60 Hz.
From a pragmatic point of view, magnetostatic and electrostatic fields are also dealt with in the framework of NIR.
Obviously, this is not the only classification available, and in practice various other classifications are used,
according to particular needs. An international treaty, involving participants in the International Telecommunication
Union divides the range from 0 to 3 THz into 12 bands and allocates particular uses for certain bands (ITU 81 ).
The field of NIR comprises also pressure waves such as ultrasound and infrasound including airborne
ultrasound and infrasound which are on either side of the audible frequency range (20 Hz to 20 kHz).
Protection against NIR is the subject of an increasing number of studies and publications, but the lack of an
agreed upon terminology and the use of protection concepts which differ significantly between types of radiation and
application makes it difficult to compare various studies and to compile data in a uniform way. Also, the development
of regulations, standards and public appreciation of the concepts of radiation protection are hampered by the lack of
uniformity in terminology, quantities and units.
The main aim of the report is to provide an inventory of concepts, quantities, units, and terminology currently
used for purposes of nonionizing radiation protection (chapter 2). In chapter 3, a systematic classification and
comparison of these quantities is given, and in particular the concepts used to quantify exposure limitations and
radiation protection standards are summarized. To a limited degree, the report addresses the question whether and how
an improved uniformity and harmonization of quantities and units can be achieved in the field of NIR. Throughout the
report, the approach is pragmatic; account being taken as much as possible of existing practices in science and
standardization.
The present report is regarded as a first step towards a more permanent recommendation on quantities and units
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for non-ionizing radiation protection. Comments are invited from individual scientists as well as national and
international organizations.
Standardization activities in the field of radiation
In addition to legislative bodies and regulatory authorities, there are other bodies actively concerned with
radiation standardization. Three types of organizations and institutions are involved.
1. Governmental and inter-governmental, such as CGPM (Conférence Générale des Poids et Mesures) and
CIPM (Comité International des Poids et Mesures) which is the executive committee serving CGPM. The CIPM
supervises the operations of the BIPM (Bureau International des Poids et Mesures) which was founded in 1875. Most
states have corresponding national governmental institutions; e.g. NBS (National Bureau of Standards) in the United
States, etc. OIML (Organisation Internationale de Métrologie Légale) is another inter-governmental organization. There
is an official agreement (since 1975) between OIML and the United Nations which guarantees the necessary
coordination with the interested UN agencies, such as WHO and UNEP.
2. Non-governmental organizations with a broad scope of standardization activities: ISO (International
Organization for Standardization) ITU (International Telecommunication Union) and IEC (International
Electrotechnical Commission). There are corresponding national standardization institutions and organizations.
3. Specialized international associations and committees, representing professional and scientific groups active
in various fields of science and technology. Those relevant for quantities and units in the NIR field include:
·
AIP (Association Internationale de Photobiologie), formerly CIP;
·
CIE (Commission Internationale de l'Eclairage);
·
ICRU (International Commission on Radiation Units and Measurements);
·
IRPA (International Radiation Protection Association);
·
IUPAP, IUPAC (International Union of Pure and Applied Physics, International Union of Pure and Applied
Chemistry);
·
URSI (Union Radioscientifique Internationale) Commissions A and B.
All these organizations have contributed in one way or another to standardization in the field of radiation, some
of them for many decades. Mutual contacts exist, sometimes through official channels, but mainly through personal
contacts.
One intention of the present document is to make use of the results, the experience and the knowledge collected
by the above-mentioned bodies, thereby serving radiation protection standardization in the field of non-ionizing
radiation.
QUANTITIES AND UNITS
The aim of this chapter is to present an inventory of quantities and units currently used in the field of
non-ionizing radiation.
Physical quantities are used to describe and characterize physical phenomena in a quantitative way. For the
purpose of radiation protection, physical quantities are needed (1) to describe sources and fields of radiation as well as
(2) the interaction of radiation with matter. Some quantities have a special significance because they may be needed (3)
to describe the exposure of the human body to non-ionizing radiation (“dosimetric quantities"); an important application
of dosimetric quantities is in setting exposure limits.
A certain value of a physical quantity (e.g. electric current) is usually expressed as a multiple of a chosen unit
(e.g. ampere). The use of the International System of Units (SI) (BIPM73) is in principle generally accepted today. SI
units are divided into three classes-base units, derived units and supplementary units. The base units are metre,
kilogram, second, ampere, kelvin, mole and candela for the quantities length, mass, time, electric current,
thermodynamic temperature, amount of substance, and luminous intensity, respectively. The current supplementary
units are radian and steradian for the quantities plane angle and solid angle, respectively.
Derived units are formed by combining base units and/or supplementary units according to the algebraic
relations linking the corresponding quantities. In this report, the use of SI units is recommended for the whole field of
non-ionizing radiation. Exceptions are explicitly mentioned, if necessary.
A very broad and general approach to standardization has been chosen by the International Organization for
Standardization (ISO). Typical radiation quantities appear in a number of ISO International Standards included in
IS082, such as those concerning the quantities and units of:
·
periodic and related phenomena (ISO 31/2-1978);
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·
·
·
·

electricity and magnetism (ISO 31/5-1979);
light and related electromagnetic radiation (ISO 31/6-1980);
acoustics (ISO 31/7-1978);
nuclear reactions and ionizing radiation (ISO 31/10-1980).
Many quantities and units recommended in the ISO Standards Handbook No 2 have been adopted. Since ISO
recommendations are not written exclusively for radiation protection purposes, a selection has been made which
excludes certain quantities of little conceivable interest for radiation protection. Some other quantities, important for
radiation protection but not contained in ISO recommendations, have been added. In some cases definitions and
remarks have been modified. In particular, completeness has been sacrificed for the sake of clarity of essential details,
and in addition mathematical formulation was kept to a minimum.*
The compilation should not be considered exhaustive nor definitive, and it can not replace existing, more
specialised recommendations (see e.g. (NCRP81), pertaining to radiofrequency and microwave radiations from 300 kHz
to 300 GHz).
The inventory of useful quantities and units in the field of non-ionizing radiation is tabulated as Appendix A.
The material is subdivided in the following sections:
1.
2.
3.
4.

Periodic and radiation phenomena.
Electromagnetic radiation and fields.
Optical radiation.
Ultrasound
The presentation of the material follows closely the format chosen in the ISO Standards Handbook No. 2,
"Units of Measurement" (IS082), i.e. in two parallel lists, one pertaining to quantities, the other to the corresponding
units. The lists are self-explanatory and contain some very brief conceptual definitions. It is assumed that the reader is
familiar with the basic physical concepts and with the general quantities and units used in physics. No attempt was
made to give a coherent, textbook-like introduction into the underlying theoretical or experimental fundamentals.
If more than one symbol is listed for the same quantity, the first symbol is generally preferred. It is unavoidable
that there are situations where the same mathematical symbol is used to designate different physical quantities. SI units
are used throughout, including prefixes indicating decimal multiples or submultiples of units (Appendix B). Prefixes
other than those listed are not excluded, e.g. W cm-2 may be used as well as W m-2. For some of the older non-SI units,
conversion factors are stated.
However, different names for the same or similar quantity are used, either within the same International
Standard (e.g. ω=2πf is called angular frequency, circular frequency, or pulsatance in ISO 31/2) or in different
International Standards (e.g. ISO 31/10 uses the expressions energy flux density and energy fluence rate, in ISO 31/ 6
the term radiant energy fluence rate is used, whereas in ISO 31/5 the magnitude of the Poynting vector is used to
characterize energy flux density). More examples can be found, and this diversity is reflected in Appendix A.
CLASSIFICATION AND COMPARISON OF QUANTITIES
Taking into consideration the practical needs of radiation protection, the quantities compiled in Appendix A
may be classified according to three criteria:
1.
The physical characteristics of the radiation field, taking sources and receivers of radiation into
account (radiometric quantities).
2.
The interactions of non-ionizing radiation with matter (e.g. interaction coefficients).
3.
Quantities adequate for the specification of exposure of biological objects to non-ionizing radiation
(dosimetric quantities).This classification will be discussed in detail below.
It is important to note that the biological object has to be accounted for in all three categories, because:
its presence as a receiver modifies the radiation field and can be the cause of a difference between the
"perturbed" and the “unperturbed"field;
the biological object itself undergoes physical interactions which form the basis for the subsequent biological
effects; and
the biological responses, together with other practical constraints, influence the choice of quantities adequate to
specify exposure and limits of exposure.

·
·
·

*
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The concepts and quantities for ionizing radiation may be divided into the following categories (ICRU80):
"radiometry" which deals with quantities associated with the radiation field;
"interaction coefficients" which deal with quantities associated with the interaction of radiation and matter; and
"dosimetry" which deals with quantities that are generally products of quantities in the first and second
categories.
The classification of the ICRU is close to that chosen above for NIR. Thus, Youmans and Ho (Yo75) give the
following conceptual base for dosimetric quantities in the context of radiofrequency electromagnetic radiation:
"A transport equation describes the flow of radiation in terms of the strength of the source, the absorption and
scattering properties of the matter present, and the quantities which characterize the radiation field. In this
sense, absorbed dose may be considered to be the image of exposure under a transformation (physical operator)
which accounts for the absorption, scattering and geometric properties of an irradiation condition, such that
absorbed energy (an absorbed dose parameter) is the work done on matter by a field of radiation (an exposure
parameter)."
However, the formal analogy between the three categories listed above and the three categories given by the
ICRU should not be taken as proving that dosimetric quantities in the NIR field must necessarily be formed as products
of radiometric quantities and interaction coefficients. There is a great diversity of physical interaction phenomena and
of biological response mechanisms, as well as large differences in measuring techniques and, in some cases a
considerable lack of knowledge, which have in practice lead to the selection of special dosimetric quantities for NIR.
At this point, a more general remark is necessary. Harmonization of quantities and units is desirable both from a
systematic and a practical point of view (Ru77). However, there are limitations and obstacles which limit unification
and which have to be taken into account in practical situations:
·
·
·

·
·
·

the larger the field to be unified, the higher is the necessary degree of abstraction;
there are divergent traditions and professional interests; and
practical considerations of different measurement techniques and different biological mechanisms must be
observed.

Quantities for the characterization of sources and fields
Radiometric quantities. In Tables 1 and 2 some essential examples of quantities have been extracted from
Appendix A in order to show the correspondence between the various non-ionizing and ionizing radiations with regard
to their grouping into radiometric quantities. These tables also serve the purpose of clarifying the differences existing in
terminology between corresponding quantities for various kinds of radiation, to compare radiometric and photometric
quantities and to give a comparative survey of the "area element dA" which has to be considered in various definitions.
Table 1 contains the radiometric quantities and units used in the various subfields of non-ionizing radiations.
Eight generic terms (energy; energy per time; energy per area; energy per volume; energy per time and solid angle;
energy per time, area and solid angle; and energy per area and solid angle) are considered for electromagnetic radiation
(with emphasis on radiofrequency), for optical radiation (including ultraviolet and infrared radiation), and for sound
(with emphasis on ultrasound). Ionizing radiation was also included, to demonstrate the similarities of approach and the
degree of standardization in this field. The columns are arranged to show the increasing complexity of the relationship
between the energy and the variables time, surface, volume, and solid angle.
The quantity energy and its time derivative, energy flux or power, (columns 2 and 3 of Table 1), are most
frequently applied to characterize a source. In some fields they may also be termed "radiant energy" and "radiant
power." For ultrasound, the prefix "acoustic" is added. The basic concept and definition of these quantities is uniform
throughout the fields of non-ionizing and ionizing radiations. Spatial energy density (energy per volume) and energy
transport through space (energy per area or energy per time and area) at any given point of space in a medium are
described in columns 4, 5 and 6 of Table 1.
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Table 1. Synopsis of comparable radiometric quantities (numbers in brackets refer to item numbers of Appendix A)
Type of
Radiation

Ionizing
radiation

Generic term
Energy
(J)
Radiant
energy

Energy
Time
(W)
Energy flux
·

R

Radiofrequency
electromagnetic
radiation

Radiant
energy
Q

Optical radiation
(radiometric
quantities)

R=

dR
dt

Energy y
time • area
(W m-2)

dR
dA

Y=
Electromagnetic
densitiy

w=

dQ
dV

Surface power density
Energy flux density*

d 2Q
dAdt

Y=

Radiant
exposure***

Radiant energy
density

Radiant energy
fluence rate*

dQ
P=
dt

dQ
H =
dA

dQ
w=
dV

(3.3)

(receptor surface)
(3.18)

(3.7)

Radiant power
radiant energy
flux

Energy
y
Time • area • solid angle
(W m-2 sr-1)

Energy
y
area • solid angle
(J m-2 sr-1)

Energy radiance**

dY d 2 R
=
dt dAdt

(2.36)

Radiant
energy

Energy ….
time • solid angle
(W sr-1)

Energy fluence rate
Energy flux density*

(2.34)

(3.3)

(3.1)

Y=

dQ
dt

(2.32)

Q

Energy fluence*

Radiant power,
radiant energy
flux

P=

Energy
volume
(J m-3)

Energy
area
(J m-2)

r=

dY d 2 Y
d 3R
=
=
dW dtd W dAdtd W

Power per solid angle

I=

d 2Q
dtdW

(2.37)
Radiant intensity

d 2Q
F=
dAdt

d 2Q
I=
dtdW

(3.5)

(3.9)

Radiance***

L=

d 3Q
dAdtd W

Time-integrated
radiance**

L=

d 2Q
dAdW

(3.11)

Radiant exitance***

M =

d 2Q
dAdt

(source surface)
(3.14)
Irradiance***

d 2Q
dAdt

E=

(receptor surface)
(3.16)
Ultrasound

Acoustic
energy

Acoustic power

Q

P=
(4.9)

dQ
dt

Acoustic energy
density

w=
(4.8)

dQ
dV

Acoustic intensity*

I=

d 2Q
dAdt

(4.10)

* The area dA is taken as the cross section of a sphere on which the radiation is incident at the point under consideration. ** The area dA is taken as perpendicular to the direction of the radiation.
***
The normal on area dA forms an angle θ with the direction of the radiation.

REVIEW OF CONCEPTS, QUANTITIES, UNITS AND TERMINOLOGY FOR NON-IONIZING RADIATION PROTECTION

Since all radiometric quantities are applicable to multidirectional radiation, great care must be taken in
specifying the orientation of the surface of a source or receiver in relation to the radiation field (Mo79). Within the
existing framework of quantities, three approaches are being used and must be carefully distinguished in practical
applications:

• Area element perpendicular to the direction of radiation.
For quantities which refer either to a uni-directional beam or to that portion of a multi-directional radiation field
which is confined within a small solid angle of given direction, the area element, dA, is taken as perpendicular to this
direction. This approach is used in practice for the quantities energy radiance (ionizing radiation), radiance, and
time-integrated radiance (optical radiation).

• Cross-sectional area of a sphere.
In the definitions of energy fluence and energy fluence rate (ionizing radiation), surface power density or
energy flux density (electromagnetic radiation), radiant energy fluence rate (optical radiation), and acoustic intensity
(ultrasound), the reference surface is conceived as the cross-sectional area, dA, of a small sphere surrounding the point
under consideration. A sphere has the property of presenting the same cross-sectional area perpendicular to each
direction of incidence. As these quantities form integrals or sums over the contributions from all directions of incidence,
the independence of the sphere cross section from the direction of incidence means that equal weight is attributed to
each direction.

• Area element not perpendicular to the radiation.
For exposure to optical radiations, the penetration depth in matter is generally very small. Therefore, the
emission from a radiating body is characterized by the amount of energy radiated from a given surface area, and the
degree of biological effect is often determined by the amount of radiant energy incident on a given surface area. The
relevant quantities are therefore related to the area element, dA, of an emitting or receiving surface, whose normal may
form any angle, θ, with the direction of radiation.
The generic term energy per area is used in two ways:
·
the amount of energy passing per unit cross section of a small sphere ("energy fluence" for ionizing radiation,
"fluence" for optical radiation, e.g. in photobiology); and
·
the amount of energy passing per unit area through a receiving surface ("radiant exposure" for optical radiation,
traditionally called "dose" in photobiology). For the difference between fluence and dose in photobiology, see
e.g. Ph84.
The term energy per time and area is used in three ways:
·
radiant power per unit cross section of a small sphere (energy fluence rate, radiant energy fluence rate, energy
flux density, surface power density, acoustic intensity);
·
radiant power per unit area of the source surface("radiant exitance" for optical radiation); and
·
radiant power per unit area of a receiving surface (optical "irradiance").
Sources of radiation with an angular dependence can be characterized by the radiant power per unit solid angle
("radiant intensity"), the radiant power per unit area and unit solid angle("radiance"), and the radiant energy per unit
area and unit solid angle ("time-integrated radiance"), as shown in columns 7, 8 and 9 of Table 1. These quantities are
especially useful if the source may be imaged by the eye. It should be noted that the quantity radiance is invariant
throughout an optical beam; this is equally applicable for the most general descriptions of the unattenuated radiation
either emitted from a source, passing through an arbitrary surface in a medium or incident upon a receiving surface. (If
the optical beam passes through vacuum, the radiance L is constant. If it passes through a medium with refractive index
n, the quantity L/n2 is constant).
It can be concluded that only three quantities are reserved for exclusive characterization of either a radiation
source or an irradiated surface: radiant exitance (for sources), and irradiance and radiant exposure (for receiving
surfaces). This exclusive use is indicated by the linguistic appearance of these terms.
Radiometric and photometric quantities. A comparison between "radiometric" and "photometric" quantities for
optical radiation is provided in Table 2 where the former, already discussed in the context of Table 1, are listed in
parallel to their photometric analogs. As noted in the remarks on quantities 3.29-3.31 in Appendix A, the relationship
between the radiometric quantities (index e) and the photometric quantities (index v) is given by the relation:
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Fnl = K mV (l )F el

(1)

where
Φvλ = spectral luminous flux,
Φeλ = spectral radiant power,
Km = maximum spectral luminous efficacy,
and
V(λ) = spectral luminous efficiency.
Photometric quantities are not only based on radiation properties, since they represent radiometric quantities
weighted with the response function V(λ) (see equation (1)) relating to the light-adapted eye. They have been shown to
be useful concepts in the evaluation and control of hazards associated with specific types and uses of lamps and visual
displays (S180).
Radiant power with its analog luminous flux, radiant intensity with luminous intensity, and radiant exitance
with luminous exitance, are the pairs of quantities typical for the characterization of optical sources.
Radiance and luminance, radiant energy fluence rate and luminous flux density, and radiant energy density and
luminous density are of general use for any position in the optical radiation field. The pairs of quantities determined to
quantify the optical irradiation of surfaces are irradiance and illuminance, and radiant exposure and light exposure.
Table 2. Comparison of radiometric and photometric terms (numbers in brackets refer to item numbers of Appendix A)
Radiometric term
Unit

Quantity
Radiant energy (3.1)

Joule (J)

Radiant energy density (3.7)

Joule per cubic metre
(J•m-3)

Quantity

Photometric term
Unit

Quantity of light
(3.24)
Luminous density*

Radiant power (radiant energy flux) (3.3) Watt (W)
Radiant intensity (3.9)
Watt per steradian
(W • sr-1)
Radiant exitance
Watt per square metre
(3.14)
(W • m-2)
Radiant energy fluence
Watt per square metre
rate (3.5)
(W • m-2)

Luminous flux (3.22)
Luminous intensity
(3.21)
Luminous exitance
(3.26)
luminous flux
density*

Radiance (3.11)

Luminance (3.25)

Irradiance (3.16)
Radiant exposure (3.18)

Watt per steradian and
per square metre
(W • sr-1 • m-2)
Watt per square metre
(W • m-2)
Joule per square metre
(J • m-2)

Lumen-second (lm • s)
(talbot)
lumen-second per cubic metre
(lm • s • m-3)
(talbot per cubic metre)
Lumen (lm)
Lumen per steradian
(cd or lm • sr-1)
Lumen per square metre
(lm • m-2)
lumen per square metre
(lm • m-2)
candela per square metre
(cd • m-2)

Illuminance (3.27)

lumen per square metre
(lm • m-2), lux (lx)
Light exposure (3.28) Lux-second (lx • s)

Limitations. Energy, power and the derived radiometric quantities are concepts which become less satisfactory
as the wavelength of the radiation increases. One practical reason for this can be given as follows:
In an idealized exposure condition, sufficiently remote from the source, the ratio of the electric to the magnetic
field strength is E/H = 377Ω. For coherent sources such far-field conditions usually apply for distances greater than
2a2/λ where a is the dimension of the coherent source, say an antenna, and λ is the wave length. The energy flux density
EH therefore can be determined as E2/(377Ω) or as H2 • 377Ω. At distances less than 2a2/λ, the inverse square law does
*

Stated here for comparison only. Not in appendix A 3.
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not apply, and the ratio E/H can differ substantially from 377Ω.
Instruments calibrated in units of power, which in reality respond to E, will become increasingly inaccurate at
closer distances. This problem begins at microwave frequencies, and becomes even more important for lower
radio-frequencies and extremely low frequencies. Under such conditions, a sufficiently general specification of the
electric and magnetic field strengths, E, H, of the electromagnetic wave at each location of interest is required.
Since incident radiation may be reflected, transmitted, scattered and absorbed by biological structures, a
distinction must be made between (a) the radiation field existing in space in the absence of the exposed body ("free
field") and (b) the radiation field in the presence of an exposed body. In the second case it is necessary to distinguish
further between the radiation field within and in the vicinity of the exposed body.
When the wavelength is comparable with the dimensions of the body, it may not be possible to define a
penetration depth, and it might be preferable to speak of the field strengths inside and outside.
Quantities for the characterization of interaction processes
General. The concepts of scattering, attenuation, transmission, reflection, refraction and diffraction are well
known from the physical theories describing radiation phenomena in media and at their mutual boundaries. The
underlying electromagnetic and mechanical properties of matter which can be defined without explicit reference to
incident radiation (such as conductivity, permittivity, permeability, polarization) are to some extent included in Section
2, Appendix A.
Although biological interactions of NIR can be thought of in terms of quantum-mechanical effects, the use of
specific quantum-mechanical quantities and units for radiation protection purposes is not considered.
The quantities describing interaction processes are summarized in Table 3. Whereas attenuation, absorption and
scattering can be defined for any point in a medium, reflection is a quantity which relates only to a boundary between
two media. For reasons of simplicity, refraction is put into the same column as reflection.
Diffraction, being determined essentially only by the geometry of bodies and tissues, is not treated in this
context. However, diffraction phenomena can be of great importance for radiation protection, e.g. if the dimensions of
bodies or layers-including the dimensions of the radiation source-are comparable to the wavelength of incident
radiation. The quantities describing the specific influence of diffraction and interference effects in the context of
radiation protection are the radiometric quantities (Table 1).
In Table 3, the quantities describing attenuation, absorption, scattering and reflection/refraction, are compared
for ionizing radiation, electromagnetic radiofrequency radiation, optical radiation and ultrasound, similar to the
comparison made in Table 1. In the description of interaction processes, analogies between ionizing and non-ionizing
radiation are limited, due to the different nature of the underlying physical interaction processes. The extremely short
wavelengths involved in the interactions of ionizing radiation with matter cause interactions at the atomic and nuclear
level. In the case of NIR, interest and importance generally shift to "bulk" properties such as the dielectric constant,
conductivity, compressibility and mean density, as well as reflection and interference phenomena.
Consequently, material and geometric properties of the target biological structures, especially the interfaces,
become dominant factors.
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Table 3. Selected quantities describing interactions of radiations with matter (numbers in brackets refer to item numbers of
Appendix A)

Interaction process
Radiation

Attenuation

Absorption

Scattering

Reflection and
related phenomena

Ionizing
radiation

Linear attenuation
coefficient µ(m-1)

Linear energy absorption
coefiicient µen(m-1)

Backscattering factor

Mass attenuation
coefficient µ/ρ(m2kg-1)

Mass energy absorption
coefficient µen/ρ (m2 kg-1)

Atomic cross sections for
Compton scattering,
Rayleigh scattering,
elastic nuclear scattering,
electron-electron
scattering (m2)

Scattering cross section
(m2)

reflection factor Γ
(2.39)

Half-value thickness
d1/2(m)
Radiofrequency Transmission factor t
electromagnetic (2.39)
radiation
Attenuation coefficient α
(m-1)
(2.40)
Depth of
penetration 1/ α (m)
(2.40)
Optical
radiation

Dissipation factor (loss
tangent)
tan σ = εr /εi
Absorption coefficient
αa(m-1)
(2.40)

Scattering coefficient αs
(m-1)
(2.40)

Spectral transmittance τ(λ) Spectral absorptance α(λ) Spectral radiance factor β(λ) Spectral reflection ρ (λ)
(3.33)
(3.34)
(3.35)
(3.32)
Spectral linear attenuation
coefficient
µ (λ) (m-1)
(3.36)

Spectral refractive index
n (λ)
(3.39)

Spectral linear absorption
coefficient
α (λ) (m-1 )
(3.37)
Spectral molar
absorption coefficient
κ (λ) (m2 mole-1)
(3.38)

Ultrasound

Pressure transmission
factor t
(4.21)

Amplitude scattering
coefficient αa (m-1)
(4.25)

Amplitude scattering
coefficient αs (m-1)
(4.25)

Pressure reflection
factor r
(4.20)

Intensity transmission
factor T
(4.23)

Level absorption
coefficient α’a (dB m-1)
(4.27)

Level scattering coefficient
α’s (dB m-1)
(4.27)

Intensity reflection
factor R
(4.22)

Amplitude attenuation
coefficient α (m-1)
(4.24)
Level attenuation
coefficient α’ (dB m-1)
(4.26)

Intensity backscattering
coefficient
B (m-1 sr-1)
(4.28)
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Attenuation concepts. The mass attenuation coefficient, µ/ρ, for uncharged ionizing particles (ICRU80), is the
quotient of dN/N by ρdl, where dN/N is the fraction of particles that experience interaction in traversing a distance dl in
a material of density ρ. For radiofrequency waves, the term attenuation is applicable both to the amplitude (e.g., of the
electric field strength) and to the power. For optical radiation, attenuation refers only to power whereas for ultrasound it
is also applied to the amplitude of the acoustic pressure.
Particle description. Since the particle description of radiation has limited value for the characterization of NIR
interaction processes, the quantities used for ionizing corpuscular radiation such as mass stopping power, linear
stopping power, linear energy transfer, and many others are not applicable to NIR. Whereas photon energy and photon
flux can be useful in photobiological studies, these quantities are not used for radiation protection purposes.
Coefficients. The terminology used to describe quantitatively the different interaction parameters shows a rather
high degree of uniformity. The term "coefficient" (as for scattering coefficient, absorption coefficient, etc.) is generally
used for the relative decrease of a radiometric quantity due to an interaction process (scattering, absorption) during
passage through an infinitesimal layer of a medium, divided by the thickness of that layer. The unit of an interaction
coefficient is the reciprocal metre (m-1). It should be noted that the interaction coefficient can be defined either in terms
of amplitude decrease (amplitude coefficient) or power decrease (power coefficient). If amplitude level and power level,
respectively, are considered instead of amplitude and power the corresponding level coefficient is measured in the unit
dB/m.
In contrast to interaction coefficients, the term "factor" is reserved for dimensionless ratios of radiometric
quantities, either amplitude or power, to describe phenomena at boundaries or finite layers: reflection factor,
transmission factor, and backscattering factor. These quantities have obvious practical importance for radiation
protection. It should be noted that for dimensionless ratios of radiometric quantities other names are sometimes used,
such as spectral absorptance, reflectance and transmittance which are used in optics. It should be recognized that these
terms apply inherently to idealised conditions, assuming a plane wave and an infinitely extended medium. Important
modifications may be necessary for special situations like collimated beams, media of finite dimensions, etc.
Quantities for the specification of exposure to non-ionizing radiation (dosimetric quantities)
In a broad sense, the term "dosimetry" is used to quantify an exposure to radiation. Quantitative descriptions of
an exposure to radiation, for the purpose of formulating protection standards and exposure limits, require the use of
adequate quantities. "Adequate" means that the quantities should represent, as well as possible, those physical processes
which are closely linked to the biological effects of radiation.
Whether such quantities can simply be related to the amount of energy imparted to tissue such as in the case of
ionizing radiation, or whether other quantities such as field strengths are more appropriate, is one of the most important
questions in NIR dosimetry.
Since many specialists in radiation protection have a strong background in the dosimetry of ionizing radiation,
it is useful to draw comparisons between dosimetric concepts used for NIR and ionizing radiation. Dosimetric concepts
for ionizing radiation have been developed since the beginning of this century and have resulted in a high degree of
sophistication. The results of research done in dosimetry and micro-dosimetry of ionizing radiation have found their
way into the field of standardization, e.g. ICRU concepts like energy imparted, lineal energy, and absorbed dose. For
the specification of exposure to radiation, the most important quantity is absorbed dose (ICRU80), measured in grays,
with all its variants. Absorbed dose can be modified by suitable factors, such as Q (quality factor) to obtain quantities
more representative of biological effects like dose equivalent and effective dose, measured in sieverts. Some definitions,
such as "kerma," are unique to ionizing radiation dosimetry since they describe the liberation of charged ionizing
particles in matter.
In the case of NIR, different characteristics of physical interaction mechanisms, measurement conditions and
techniques, as well as differences in (and the limited knowledge of) biological response mechanisms have led to a
diversity of quantities used for the specification of exposure.
In general, it can be stated that, across the NIR spectrum, the temporal characteristics of exposure are of critical
importance, and the contributions of ambient factors such as temperature must be taken into account. For example, if
the emphasis is on the limitation of thermal effects, many data in the RF region at present seem to support the
introduction of exposure limits which are based on the rate of energy deposition, as opposed to absorbed dose in the
case of ionizing radiation (see also NCRP81). Also thermal stress due to infrared radiation obviously requires a special
treatment. Acoustic fields represent another example where quantities other than cumulative energy deposition may be
useful to specify exposure limits.
In the following discussion of the quantities that have been selected for the specification of exposure and of
limits of exposure to non-ionizing radiation, these viewpoints will be applied with respect to the various radiations. A
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compilation of the quantities used for expressing limits of exposure is given in Table 4, and may be compared with the
selection made for ionizing radiation.
In the radiofrequency spectrum, the use of energy absorption as a parameter to characterize exposure is
highlighted by the quantity specific absorption rate, SAR (unit: W kg-1). Like absorbed dose rate in the case of ionizing
radiation, SAR is a quantity which is defined locally (for a small amount of tissue), and the concept is extended to
include spatial peak SAR as well as temporal peak SAR, and SAR averaged over part of an organ or the whole body.
The concept of SAR corresponds mainly, but not exclusively, to the thermal mechanism of biological action (WHO81;
IRPA84a).
For practical purposes of radiation protection, exposure limits for radiofrequencies above 10 MHz are given in
terms of the quantity "surface power density" in free space, expressed in W m-2, with higher limits allowed for
exposures of limited duration. The limitations of this practice have been criticized, among others, by Youmans and Ho
(Yo75). For this reason, the IRPA guidelines for exposure limits for radiofrequency radiation give "basic limits" in
terms of SAR and “derived limits" in terms of surface power density (IRPA84a).
For radiofrequencies below 10 MHz, basic limits are expressed in terms of the "effective electric field
strength," Eeff and the "effective magnetic field strength," Heff. Since, in the near field, the phase relationship between
the directional components of a field strength is usually unknown, the "effective field strength" is obtained by adding
the squares of the amplitudes of the vertical and the horizontal components and taking the square root of this sum. The
effective field strengths are determined in free space, i.e. in the absence of an absorbing or scattering body.
For the reasons given in the section on quantities for the characterisation of sources and fields, the quantities
surface power density, specific absorption rate and specific absorption are not practical for very long wavelengths, such
as in the case of ELF extremely low frequency) fields. Due to the poor understanding of interaction mechanisms, the
dosimetric concepts are not fully developed for ELF fields. At the moment, exposure conditions are often quantified by
a statement of the unperturbed external electric and magnetic field strengths and the duration of exposure.
In the case of optical radiation, the situation is more complicated. Generally, exposure of the eye and skin is
specified in different formats. Skin exposure is characterized by the incident energy per area (not necessarily orthogonal
to the direction of incidence), expressed in J m-2 and termed ''radiant exposure' whereby an interaction parameter such
as penetration depth. may or may not be specified. In photobiology the traditional term "dose" has been in widespread
use for this quantity. In the context of skin irradiation, exposure is sometimes quantified in multiples of the minimal
erythema dose (MED) for an individual The MED, expressed as well in J m-2, depends on the wavelength. These
multiples correspond formally to the quantification of exposure to ionizing radiation by means of the quantity "dose
equivalent."
For the characterization of ocular exposure, several radiometric quantities may be used: radiant exposure (J m2
), irradiance (W m-2), radiance (W m-2 sr-1), and time-integrated radiance (J m-2 sr-1), the two latter quantities being
used for extended radiation sources. Exposure duration has to be specified, and the statement of spectral transmittance
can also be useful. Since all photometric quantities are equivalent to radiometric quantities weighted with the response
function V(λ) related to the light-adapted eye (see equation (1)), they can be used for certain radiation protection
purposes associated with specific optical sources. More details are to be found in Sl80. Limits of exposure for the skin
and eye to UV radiation can be expressed in terms of the effective irradiance whereby the irradiance of a broadband
source is weighted by a spectral effectiveness function Sλ (IRPA85a; IRPA85b).
Levels of exposure to ultrasound are specified in terms of acoustic intensity (W m-2) at the point of interest in
the living organism and by the exposure duration, although acoustic pressure may prove to be more useful for
specifying exposure limits to short-pulse ultrasound. For practical purposes of exposure control, the free-field time
averaged acoustic intensity in water and the duration of exposure are often measured and stated.
Exposure limits for airborne ultrasound are specified in terms of "acoustic pressure level" Lp = 20 log10(p/p0),
where p0 is the root mean square acoustic pressure (20 µPa), equivalent to an acoustic intensity
I0 = 10-12 W m-2 in air (IRPA84b).
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Table 4. Selected quantities for the specification of limits of exposure to non-ionizing radiation (dosimetric quantities)
GENERIC TERMS
Radiation Type

Field parameters

Energy
area

Energy
time•area

Energy
time•area•
solid angle

Energy
area•solid angle

Ionizing radiation

Radiofrequency

Surface power
density
(W m-2)(2.36)

Effective electric
field strength
(V m-1) (2.5)
Effective magnetic
field strength
(A m-1) (2.15)

ELF

Electric field
strength (V m-1)
(2.5)
Magnetic field
strength (A m-1)
(2.15)

Optical

Radiant
exposure
(J m-2) (3.18)

Irradiance
(W m-2) (3.16)
Effective irradiance (W m-2)

Ultrasound

Acoustic intensity
(W m-2) (4.10)

Ultrasound
(airborne)

Acoustic pressure
level (dB) (4.16)

*Quantity involving a biological weighting factor.

Radiance
(W m-2 sr-1)
(3.11)

Time-integrated
radiance
(J m-2 sr-1) (3.12)

Energy
mass

Energy
mass•time

Absorbed dose
(Gy)

Absorbed dose rate
(Gy s-1)

Dose equivalent*
(Sv)

Dose equivalent rate*
(Sv s-1)

Specific absorption
(J kg-1) (2.41)

Specific absorption rate
(W kg-1)
(2.42)
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CONCLUDING REMARKS
This document was prepared to provide a comprehensive reference for concepts, quantities and units used in the
whole range of NIR protection.
The physical phenomena of the non-ionizing radiations belong to the classical fields of electromagnetism,
optics and acoustics. A well-developed and internationally accepted terminology exists for each of these fields. It can be
utilized for the purposes of NIR protection, under consideration of the practical circumstances and biological
constraints. Standardized names of the quantities, SI units and the relevant definitions are compiled in Appendix A.
The international organizations listed in the section on standardisation activities in the field of radiation have
achieved a considerable degree of harmonization between closely related fields, especially between optics and other
electromagnetic radiation. As Table 1 shows, this consists primarily in a harmonization of radiometric physical
concepts, with some remaining differences in the names of the quantities. The same observation can be made by
comparing these quantities to the quantities used for ionizing radiation. In optics the dualism between the radiometric
and the photometric quantities still exists but is manageable due to a clear system of correspondence between the
quantities of each kind (Table 2). Although ELF fields are describable in the terms of the electromagnetic theory,
radiometric quantities are not relevant in this case since far field conditions do not occur in any practical case. The
terminology for the ultrasound quantities is independent and self-consistent, and only incompletely harmonized with the
quantities for other radiations (compare the terms "acoustic intensity" and "radiant intensity," see Table 1).
Interaction coefficients reflect to a higher degree the peculiarities of interaction mechanisms in different
wavelength regions (Table 3). The existing non-uniformity is larger than in the case of radiometry, and more work
should be done to harmonize the terminology.
From Table 4 it can be concluded that exposure quantities (dosimetric quantities) show a great diversity and
non-uniformity. From the previous discussion it may be concluded that this diversity is probably partly due to divergent
tradition. However, important factors contributing to the inherent differences are:
·
physical circumstances prevailing at different wavelengths, and different wave propagation and interaction
phenomena,
·
appropriate measurement techniques, and
·
physical factors determining biological effects according to differences between thermal, mechanical and
electric and magnetic action mechanisms.
It seems at the moment that the introduction of unified dosimetric concepts, such as specific absorption rate, is
not practicable for all types of NIR.
In conclusion, coexistence of different quantities for different frequency ranges and purposes appears as a
necessity, both for intrinsic and practical reasons, at least at the present time. No attempt was therefore made at this
time to achieve harmonization between all subspecialties in this field. The Committee is of the opinion that existing
possibilities of introducing a greater uniformity, both from the conceptual point of view and from the standpoint of
practical radiation protection, require further serious examination.
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APPENDIX A

DEFINITIONS AND ABBREVIATIONS OF QUANTITIES AND UNITS

A. 1 Periodic and radiation phenomena
This section contains those quantities and units which are common to all periodic and radiation phenomena.
Section A.l can therefore be regarded as complementing the three following sections.
A.2 Quantities and units of electromagnetic radiation and fields
For electricity and magnetism, different systems of equations have been developed depending on the number
and the particular choice of base quantities on which the system of equations is founded. For the purpose of this
document, only the system of equations with four base quantities and with the four base units metre, kilogram, second
and ampere (Sl-units) is used.
Section A.2 refers to electromagnetic radiation in general with emphasis on radiofrequency radiation; the
special optical quantities and units are contained in section A.3. The section is introduced with the quantities and units
describing electric conduction phenomena, both stationary and time-dependent, and with the terms used to quantify
electric and magnetic fields including extremely low frequencies (ELF). Spectral distributions and spectral quantities
can be defined in the same way as shown in section A.3 for optical radiation.
The term "factor" is used here to designate an amplitude ratio and is dimensionless (see 2.39); the term
“coefficient" is used in the context of the exponential attenuation law and has the dimension length-1 (see 2.40). The
corresponding terminology is used in sections A.3 and A.4.
A .3 Quantities and units of optical radiation
This section contains the radiometric quantities and units (3.1 -3.19), the photometric quantities and units
(3.20-3.27), the factors by which these are interrelated (3.28-3.30) and the material-dependent coefficients (3.31-3.38)
In several definitions. the same symbol is used for a pair of corresponding radiometric and photometric
quantities with the understanding that subscripts e for radiometric (energetic) and v for photometric (visual) will be
added whenever confusion between these quantities might otherwise occur.
The adjective "spectral" is used to designate (a) wavelength distribution functions, e.g. Pλ = dP /dλ, the spectral
radiant power (3.4), and (b) quantities which are functions of wavelength, e.g. a(λ), the spectral absorptance (3.31).
Note that P and Pλ have different dimensions.
The section does not contain the terms used to describe light in the particle description since these quantities are
presently not being considered for use in radiation protection.
A .4 Ultrasound
The compilation of acoustic quantities and units refers primarily to ultrasound, i.e. to acoustic pressure waves
with frequencies beyond 20 kHz. All of these quantities, however, are also applicable to audible sound. The term
loudness level (4.18) only applies to the audible region of frequencies, but has been incorporated for comparison with
the term acoustic pressure level. Power levels and pressure levels are expressed in decibels; the term Neper has not been
included for the sake of simplicity (1 Np D 8.686 db).
The intensity terms collected in items 4.11 - 4.15 may be regarded as an example for a set of definitions useful
to characterize a radiation field with spatial and temporal modulation (interference pattern. focusing, pulse mode).
These terms could be adapted to other forms of NIR if necessary.
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Prefixes indicating decimal multiples or submultiples of units:
Symbol
Multiple
Name of
Prefix
18
10
exa
E
1015
peta
P
1012
tera
T
giga
G
109
106
mega
M
103
kilo
k
2
hecto
h
10
10
deca
da
10-1
deci
d
10-2
centi
c
10-3
milli
m
10-6
micro
µ
10-9
nano
n
-12
pico
p
10
10-15
femto
f
10-18
atto
a
Symbols for prefixes should be printed in roman (upright) type without space between the prefix and the
symbol for the unit. Compound prefixes should not be used.
Example: Write nm (nanometre) instead of mµm.
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A1. PERIODIC AND RADIATION PHENOMENA
Item
No

Quantity

Symbol

Definition

Remarks

Name of
unit

International symbol

Definition

Conversion factors

1.1

angle
(plane angle)

α, φ

The angle between two
half-lines terminating at the
same point is defined as the
ratio of the arc cut out on a
circle (with its centre at that
point) to the radius of the circle

According to this definition the angle is a
dimensionless quantity. For the unit of the
angle, it is convenient to use the special
name radian instead of the number 1

radian

rad

degree

°

1 rad is the angle between two radii of a circle
which cut off on the
circumference an arc
equal in length to the
radius
1°= π/180 rad

1°= 0.0174533rad

steradian

sr

1 sr is the solid angle
which, having its ver-tex
in the centre of a sphere
cuts off an area of the
surface of the sphere
equal to that of a square
with sides of length equal
to the radius of the sphere

second

s

The second is the duration
of 9192631770 periods of
the radiation
corresponding to the
transition between the
two hyperfine levels of
the ground state of the
caesium-133 atom

s

1.2

solid angle

Ω

The solid angle of a cone is
defined as the ratio of the area
cut out on a spherical surface
(with its centre at the apex of
that cone) to the square of the
radius of the sphere

1.3

period,
periodic time

T

Time of one cycle

1.4

time constant
of an exponentially varying quantity

τ

Time after which the quantity
would reach its 1imit if it
maintained its initial rate of
variation

If a quantity is a function of time given by
F(t)= A+ Be -t/τ then τ is the time constant

second

1.5

duty factor *

d

Ratio between the pulse duration tpulse, and the pulse period,
T of a pulse-train,
d = tpulse T-1

This quantity is dimensionless

1

1.6

frequency

f, v

f = T-1

*

Not in ISO82

According to this definition the solid angle is
a dimension-less quantity. For the unit of the
solid angle, it is convenient to use the special
name steradian instead of the number 1

hertz

Hz

1 Hz is the frequency of a
periodic phenomenon of
which the period is 1 s
1Hz = 1 s-1

Remarks

For a circular cone of
solid angle 1 sr, the
angle cut out in a
plane that contains
the axis of the cone is
approx. 65.541° or
1.1439 rad

REVIEW OF CONCEPTS, QUANTITIES, UNITS AND TERMINOLOGY FOR NON-IONIZING RADIATION PROTECTION

Item
No

Quantity

Symbol

Definition

1.7

angular
frequency

ω

1.8

bandwidth *

1.9

centre *
frequency

1.10

frequency
interval

1.11

wavelength

λ

1.12

wave number

σ

σ = 1/λ

circular wave
number

k

k = 2πσ

*

Not in ISO82

Name of
unit

International symbol

ω = 2πf

reciprocal
second

s-1

∆f

Difference f1 - f2 of the frequencies f1 and f2 at which the
amplitude spectrum is 50%
(-6dB) of its maximum value

hertz

Hz

fc

Arithmetic mean (f1 + f2)/2 of
the frequencies f1 and f2
defining bandwidth

hertz

Hz

Binary logarithm of the ratio
between the higher and the
lower frequency, lg2(f2 /f1)

Remarks

This quantity is dimensionless

The vector quantities corresponding to wave
number and circular wave number are called
wave vector and propagation vector
respectively

octave

Definition

Conversion factors

The frequency interval
between fl and f2 is one
octave if f2/fl = 2

metre

m

reciprocal
metre,
metre to
the power
minus one

m-1

The metre is the distance
travelled by light in a vacuum during
1/299772458 of a second

1 Å = 10-10 m
(exactly)
= 0.1 nm

Remarks
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Item
No

Quantity

Symbol

Definition

Remarks

Name of
unit

International symbol

Definition

1.13

amplitude level difference,
field level
difference

LF

LF = 20 lg(F1/F2) where F1 and
F2 represent two amplitudes of
the same kind

These quantities are dimensionless. If P1/P2 =
(F1/F2)2 then LP=LF . Simi1ar names,
symbols and definitions apply to level
differences based on other quantities which
are 1i-near or quadratic functions of the
amplitudes, respectively.
The quantity on which the level difference is
based should be specified in the name and
the subscript of the symbol e.g. field strength
level difference LE. A level difference from a
standard situation is described simply as
“level”

decibel

dB

1 dB is the amplitude
level difference when
20 lg(F1/F2) = 1

1.14

power level
difference

LP

LP = 10 lg(P1/P2) where P1 and
P2 represent two powers

decibel

dB

1 dB is the power level
difference when
10 lg(P1/P2) = 1

1.15

damping
coefficient

δ

If a quantity is a function of
time given by
f(t) = Ae-δtsin[ω (t - t0)] then δ is
the damping coefficient

τ = 1/δ is the time constant (relaxation time)
of the amplitude. The quantity ω(t - t0) is
called the phase. For any two periodic
functions with phases ω(t - t1) and ω(t - t2)
the phase difference is ω(t1 - t2)

reciprocal
second

s-1

1.16

logarithmic
decrement

Λ

Product of damping coefficient
and period

This quantity is dimensionless

1

Conversion factors

Remarks

The numerical value
of LF expressed in
decibels is given by
20 lg(F1/F2), and the
numerical value of LP
expressed in decibels
is given by 10
lg(P1/P2)
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A2. ELECTROMAGNETIC RADIATION AND FIELDS
Name of
unit

International symbol

Definition

base quantity

ampere

A

the ampere is that constant electric current
which, if maintained in two straight parallel

Q

integral of electric current over
time

coulomb

C

1C=1A•s

surface density of charge

σ

charge divided by surface area

coulomb
per square
metre

C m-2

2.4

volume density of charge

ρ

charge divided by volume

coulomb
per cubic
metre

C m-3

2.5

electric field
strength

E

force, exerted by electric field
on an electric point charge,
divided by the electric charge

volt per
metre

V m-1

1 Vm-1 = 1 NC-1

2.6

electric
potential

φ

for electrostatic fields, a scalar
quantity, the gradient of which,
with reversed sign, is equal to
the electric field strength

volt

V

1 V = 1 W A-1

potential difference, tension, voltage

U

the potential difference between
point 1 and point 2 is the line
inte-gral from 1 to 2 of the
electric field strength

2.7

electric flux
density, displacement

D

a vector quantity the divergence
of which is equal to the volume
density of charge

coulomb
per square
metre

C m-2

2.8

capacitance

C

charge divided by potential
difference

farad

F

2.9

permittivity

ε

electric flux density divided by
electric field strength

farad per
metre

F m-1

permittivity
of vacuum,
electric
constant

ε0

relative
permittivity

εr

Item
No

Quantity

2.1

electric
current

I

2.2

electric charge, quantity
of electricity

2.3

2.10

Symbol

Definition

Remarks

effective electric field strength see the
section on dosimetric quantities

ε0=1/(µ0c02)
=(8.854187881±0.000000071)
x10-12 F/m
εr= ε/ε0

this quantity is dimensionless

1 F = 1 C V-1

Conversion factors

Remarks

1 N = 1 kg • m • s-2
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Name of
unit

International symbol

P = D - ε0 E

coulomb
per square
metre

C m-2

p

a vector quantity the vector
product of which with the
electric field strength is equal to
the torque

coulomb
metre

C•m

current
density

J

a vector quantity the integral of
which over a given surface is
equal to the current flowing
through that surface

j is also used

ampere per
square
metre

A m-2

magnetic
field strength

H

an axial vector quantity the curl
(rotation) of which is equal to
the cur-rent density, including
the displacement current

effective magnetic field strength see the
section on dosimetric quantities

ampere per
metre

A m-1

2.16

magnetic
flux density,
magnetic
induction

B

an axial vector quantity such
that the force exerted on an
element of current is equal to
the vector pro-duct of this
element and magnetic flux
density

tesla

T

1 T = 1 N/(A m)
= 1 Wb m-2
= 1 V•s m-2

2.17

magnetic
flux

Φ

the magnetic flux across a
surface element is the scalar
product of the surface element
and the magnetic flux density

weber

Wb

1 Wb = 1 V•s

2.18

self
inductance

L

for a conducting loop, the
magnetic flux through the loop,
caused by the current in the
loop, divided by this current

henry

H

1 H = 1 Wb A-1
= 1 V•s A-1

mutual
inductance

L12

for two conducting loops, the
magnetic flux through one loop,
due to the current in the other
loop, divided by this current
henry per
metre

H m-1

1 H m-1
= 1 Wb A-1 m-1
= 1 V s A-1 m-1

Item
No

Quantity

2.11

electric
susceptibility

2.12

Definition

Remarks

χe

χe = εr-1

this quantity is dimensionless

electric
polarisation

P

2.13

electric
dipole
moment

2.14

2.15

2.19

Symbol

permeability

µ

permeability
of vacuum,
magnetic
constant

µ0

Magnetic flux density divided
by magnetic field strength
µ0 = 4π • 10-7 H m-1
= 12.566 370 614 4 • 10-7 H m-1

Definition

Conversion factors

1 Oe D 79.577 A
m-1
1 G D 10-4 T

Remarks
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Item
No

Quantity

2.20

relative
permeability

2.21

magnetic
susceptibility

2.22

Electromagnetic moment,
magnetic dipole
moment

2.23

magnetization

2.24

2.25

Definition

Remarks

µr

µr = µ/µ0

This quantity is dimensionless.

Χm

Χm =µr - 1

This quantity is dimensionless.

m

The electromagnetic moment is
a vector quantity, the vector
product of which with the
magnetic flux density is equal to
the torque

M

M = (B / µ0 ) - H

resistance
(to direct
current)

R

Electric potential difference
divided by current when there is
no electromotive force in the
conductor

ohm

Ω

1 Ω = 1 V A-1

G

G = 1/R

siemens

S

1 S = 1 A V-1

2.26

conductance
(to direct
current)
resistivity

ρ

Electric field strength divided
by current density when there is
no electromotive force in the
conductor

ohm metre

Ωm

2.27

conductivity

γ

γ = 1/ρ

siemens
per metre

S m-1

2.28

phase difference,
phase
displacement
(for alternating current)

φ

impedance
(complex
impedance)

Z

modulus of
impedance
(impedance)
reactance

|Z|

Χ

Imaginary part of impedance

resistance

R

Real part of impedance

When U(t) = Um cos ωt

Name of
unit

International symbol

Definition

2.29

Symbol

ampere
metre
squared

A m2

ampere per
metre

A m-1

This quantity is dimensionless.

radian

rad

Z =|Z|ej_ = R + jΧ

ohm

Ω

R2 + X 2

X = Lw -

1
Cw

for a coil and a condenser in series

1 S = 1 Ω-1

Unit radian: see item
1.1

then φ is the phase
displacement

|Z| =

Remarks

The quantity
magnetic dipole
moment has the unit
Wb m

and I(t) = Im cos(ωt - φ)

The complex representation of
potential difference divided by
the complex representation of
current

Conversion factors

1 Ω = 1 V A-1
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Item
No

Quantity

2.30

power (of an
alternating
current)

Symbol
P

Definition

Remarks

Name of
unit

Product of time-dependent
current and voltage

When U(t) = Um cos ωt

watt

International symbol
W

Definition
1 W = 1 J s-1 = 1 V A

and I(t) = Im cos(ωt - φ)
then IU is the instantaneous power
(ImUm)/2 is the apparent power
I mU m
cos j is the active power
2

2.31

velocity of
propagation of
electromagnetic waves in
vacuum *

c0

velocity of
propagation of
electromagnetic waves in
any medium

c

c0 =

metre per
second

1
e0m0

m s-1

= (2.997 924 58 ± 0.000 000 012) • 108 m s-1

2.32

radiant
energy

Q, W

energy emitted, transferred or
received in the form of
electromagnetic radiation

joule

J

2.33

radiant
power,
radiant
energy flux

P, Φ

power emitted, transferred or received in the form of electromagnetic radiation

watt

W

2.34

electromagnetic energy
density

w

In an electromagnetic field, the
scalar products D E and B H
determine energy density
rr rr
DE BH
+
w=
2
2

joule per
cubic metre

J m-3

2.35

Poynting
vector

S

The Poynting vector is equal to
the vector product of electric
field strength and magnetic field
strength

watt per
square
metre

W m-2

2.36

power (surface) density
energy flux
density*

Ψ

Radiant power incident on a
small sphere, divided by the
cross-sectional area of that
sphere

watt per
square
metre

W m-2

*
*

For a plane wave, radiant power density is
the time-dependent magnitude S of the
Poynting vector. Its time average is S . For
-

ionizing radiation, this quantity is called the
energy fluence rate. In optics, this quantity is
called "radiant flux density" or "spherical
irradiance", see 3.5.

ISO 82 and IUPAP 78 recommend symbol c for velocity of propagation of electromagnetic waves in vacuum
Not in ISO 31/5-1979 (ISO 82). Adopted from (NCRP 81).

1J=1VAs

Conversion factors

Remarks
In electric power
technology, active
power is expressed in
watts (W) and
apparent power in
volt-amperes (V A)
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Item
No

Quantity

2.37

power per
solid angle**

2.38

Wave impedance (of an
electromagnetic wave)*

Symbol

Remarks

Name of
unit

I

Radiant power of
electromagnetic radiation
leaving a source in an element
of solid angle at a given
direction, divided by that
element of solid angle. I =
dP/dΩ

In optics, this quantity is called "radiant
intensity", see 3.9.

watt per
steradian

Z

Quotient of the electric field
strength and the corresponding
magnetic field strength of a
propagating wave at a point,
Z = |E| / |H|

In general, Z depends on the phase
difference between |E| and |H|. For a plane
wave in a non-dissipative isotropic medium
the impedance has the value

ohm

Ω

reciprocal
metre

m-1

Z0 = m / e

2.40

**
***
*
**
***

Definition

W sr-1

Conversion factors

Remarks
Unit steradian: see
item 1.2

(intrinsic impedance).

In a vacuum, Z 0 =
2.39

International symbol

Definition

m 0 / e 0 = 377W

reflection
factor***

Γ

Ratio of the (electric or
magnetic) field strength |Fr| of
the reflected electromagnetic
wave to the corresponding field
strength |Fi| of the incident wave
at a boundary between two
media. Γ = |Fr| / |Fi|

In general, the reflection factor and the transmission factor depend on the phase
difference between |Ft| and |Fi|. For normal
incidence,
Γ = (Z2 - Z1)/(Z2 + Z1)
τ = 2Z2/(Z2 + Z1)

transmission
factor *

τ

Ratio of the (electric or
magnetic) field strength |Ft| of
the transmitted eletromagnetic
wave to the corresponding field
strength |Fi| of the incident wave
at a boundary between two
media. τ = |Ft| / |Fi|

with |τ | - |Γ| = 1. The power ratios for
reflection and transmission ** are |Γ|2 and |τ|2
respectively. These quantities are
dimensionless.

power
attenuation
coefficient ***

α

For an exponential change of
the power density Ψ of an
electromagnetic wave with
distance x,
Ψ = Ψ0 e-αx the exponent is the
product of the attenuation
coefficient and the distance.

The quantity 1/α is denoted as attenuation
length (depth of penetration). The amplitude
in an electromagnetic wave is attenuated
with distance x according to the "amplitude
attenuation coefficient" α/2

Not in ISO 31/5-1979 (ISO 82)
Not in ISO 31/5-1979. Adopted from G. Joos, Lehrbuch der theoretischen Physik, Leipzig 1945 (Jo 45). In(NCRP 81) these quantities are called reflection coefficient and transmission coefficient.
Not in ISO 31/5-1979. Adopted from G. Joos, Lehrbuch der theoretischen Physik, Leipzig 1945 (Jo 45). In(NCRP 81) these quantities are called reflection coefficient and transmission coefficient.
In photometry, the corresponding ratios are called spectral reflectance and spectral transmittance (see 3.32 and 3.33).
Not in ISO 31/5-1979 (ISO 82). Adopted from (NCRP 81).

1 db is the power
level attenuation
when10 lg (Ψ0/Ψ) = 1
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Item
No

Quantity

Symbol

Definition

Remarks

The contributions to attenuation
by energy dissipation processes
(absorption) and by wave
scattering are expressed by

α = αa + αs
Compare spectral linear attenuation
coefficient (3.35) and spectral linear
absorption coefficient (3.36) in optics.

Name of
unit

International symbol

e -ax = e -a a x × e -a s x
2.41

specific
absorption ***

2.42

specific
absorption
rate ***

SA

Quotient of the incremental
energy dW absorbed
(dissipated) in matter of the
incremental mass dm contained
in a volume element dV of
given density, and this mass dm
SA = dW/dm = dW/ρdV

For ionizing radiations, this quantity is called
absorbed dose. The quantity dW/dV has
been called "absorption density".

joule per
kilogram

J kg-1

SAR

Time derivative of the specific
absorption SAR=d/dt (SA)=d/dt
(dW/dm)=d/dt (dW/ρdV)

For ionizing radiations, this quantity is called
absorbed dose rate. The quantity d/dt
(dW/dV) has been called "absorption rate
density".

watt per
kilogram

W kg-1

Definition

Conversion factors

Remarks
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A3. OPTICAL RADIATION
Item
No

Quantity

3.1

radiant
energy

3.2

spectral
radiant
energy

3.3

radiant
power,
radiant
energy flux

3.4

spectral
radiant
power

3.5

Definition

Remarks

Name of
unit

International symbol

Q, W

Energy emitted, transferred or
received as optical radiation

Q = ∫ Qλdλ

joule

J

1 erg = 10-7 J

Qλ, Wλ

The radiant energy in an
infinitesimal wavelength
interval divided by the range of
that interval

Qλ = dQ/dλ

joule per
nanometre

J nm-1

1 erg Å-1 = 10-6 J nm-1

Power emitted, transferred or
received as optical radiation

P = ∫ Pλdλ

watt

W

The radiant power in an
infinitesimal wavelength
interval divided by the range of
that interval

Pλ = dP/dλ

watt per
nanometre

W nm-1

radiant
energy
fluence rate,
spherical
irradiance *

At a given point in space, the
radiant power incident on a
small sphere, divided by the
cross-sectional area of that
sphere

φ

watt per
square
metre

W m-2

3.6

spectral
radiant
energy
fluence rate

The radiant energy fluence rate
in an infinitesimal wavelength
interval divided by the range of
that interval

watt per
square
metre
nanometre

W m-2 nm-1

3.7

radiant
energy
density

w

Radiant energy in an element of
volume diveded by that element

joule per
cubic metre

J m-3

3.8

spectral
radiant
energy
density

wλ

The radiant energy density in an
infinitesimal wavelength
interval divided by the range of
that interval

joule per
cubic metre
nanometre

J m-3 nm-1

*

(CIE 70)

Symbol

P, Φ

Pλ, Φλ

= ∫ φλ dλ In an isotropic homogeneous
radiation field, φ/c is the energy density, and
the irradiance of a surface is φ/4. Radiant
flux density is the integral of radiance over
all directions: φ = ∫ LdΩ (see 3.11).
4π

w = ∫ wλ dλ

Definition

Conversion factors

Remarks
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Item
No

Quantity

Definition

Remarks

Name of
unit

International symbol

3.9

radiant
intensity

I

For a source in a given
direction, the radiant power
leaving the source, or an
element of the source, in an
element of solid angle
containing the given direction,
divided by that element of solid
l
The radiant intensity in an
infinitesimal wavelength
interval divided by the range of
that interval

I = ∫ Iλ dλ

watt per
steradian

W sr-1

3.10

spectral
radiant
intensity

Iλ

watt per
steradian
nanometre

W sr-1 nm-1

3.11

radiance

L

At a point of a surface and in a
given direction, the radiant
intensity dI at an element dA of
the surface, divided by the area
da of the orthogonal projection
of this element on a plane
perpendicular to the given
direction:L = dI/da

L = ∫ Lλ dλ
At a light-emitting surface, da = dA • cos Θs
and L = dI/(dA • cos Θs), where Θs is the
angle between the direction of radiation and
the normal on the source surface. At a
receptor surface, da = dA • cos Θr and L =
dI/(dA • cos Θr), where Θr is the angle
between the direction of radiation and the
normal on the receptor surface.

watt per
square
metre
steradian

W m-2 sr-1

3.12

timeintegrated
radiance *

K

Time integral of the radiance
over a given time interval

K = ∫ L dt

J m-2 sr-1

3.13

spectral
radiance

Lλ

The radiance in an infinitesimal
wavelength interval divided by
the range of that interval

Lλ = dL/dλ

joule per
square
metre
steradian
watt per
square
metre
steradian
nanometre

3.14

radiant
exitance

M

At a point of a surface, the
radiant power leaving an
element of the surface, divided
by the area of that element

M = ∫ Mλ dλ

watt per
square
metre

W m-2

3.15

spectral
radiant
exitance

Mλ

The radiant exitance in an
infinitesimal wavelength
interval divided by the range of
that interval

Mλ = dM/dλ

watt per
square
metre
nanometre

W m-2 nm-1

*

Symbol

Not in ISO 31/6, 1980 (ISO 82)

W m-2 sr-1
nm-1

Definition

Conversion factors

Remarks
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Item
No

Quantity

3.16

irradiance

3.17

Definition

Remarks

Name of
unit

International symbol

E

At a point of surface, the radiant
power incident on an element of
the surface, divided by the area
of that element

E = ∫ Eλ dλ

watt per
square
metre

W m-2

spectral
irradiance

Eλ

The irradiance in an
infinitesimal wavelength
interval divided by the range of
that interval

Eλ = dE/dλ

watt per
square
metre
nanometre

W m-2 nm-1

3.18

radiant
exposure *

H

Time integral of the irradiance

H = ∫ Hλ dλ

joule per
square
metre

J m-2

3.19

spectral
radiant
exposure

Hλ

The radiant exposure in an
infinitesimal wavelength
interval divided by the range of
that interval

Hλ = dH/dλ

joule per
square
metre
nanometre

J m-2 nm-1

3.20

emissivity

ε

Ratio of radiant exitance of a
thermal radiator to that of an
ideal black body radiator at the
same temperature

3.21

luminous
intensity

I

Basic quantity

candela

cd

Candela is the luminous intensity in a given
direction of a source which emits
monochromatic radiation of frequency 540 • 1012
Hz and of which radiant intensity in that
direction is 1/683 W sr-1

3.22

luminous
flux

Φ

The luminous flux dΦ of a
source of luminous intensity I in
an element of solid angle dΩ is
dΦ = I dΩ

Φ = ∫ Φλ dλ

lumen

lm

1 lm = cd sr

3.23

spectral
luminous
flux

Φλ

The luminous flux in an
infinitesimal wavelength
interval divided by the range of
that interval

Φλ = dΦ /dλ

lumen per
nanometre

lm nm-1

3.24

quantity of
light

Q

Time integral of luminous flux

lumen
second

lm s

*

CIE70

Symbol

Definition

Conversion factors

Remarks

1 lm h = 3600 lm s
(exactly)
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Item
No

Quantity

Symbol

3.25

luminance

L

3.26

luminous
exitance

M

3.27

illuminance

3.28

Definition

Remarks

Name of
unit

International symbol

At a point of a surface and in a
given direction, the luminous
intensity of an element of the
surface, divided by the area of
the orthogonal projection of this
element on a plane
perpendicular to the given
direction
At a point of a surface, the
luminous flux leaving an
element of the surface, divided
by the area of that element

candela per
square
metre

cd m-2

lumen per
square
metre

lm m-2

E

At a point of a surface, the
luminous flux incident on an
element of the surface, divided
by the area of that element

lux

lx

light
exposure

H

Time integral of illuminance

lux second

lx s

3.29

spectral
luminous
efficiency

V(λ)

3.30

maximum
spectral
luminous
efficacy

Km

3.31

spectral
luminous
efficacy

3.32

3.33

Relative sensitivity of the lightadapted eye at wavelength λ

Standard values of V(λ) relating to the lightadapted eye were adopted by the
International Comission on Illumination in
1924 and approved by the Comité
International des Poids et Mesures in 1933
V(λ) 1 for λ = 555 nm

Factor converting spectral
radiant flux into spectral
luminous flux at λ = 555 nm.
The value Km = 683 lm W-1
follows from the definition of
the SI-unit candela (see 3.20)

For the normal light-adapted eye under
certain standardized conditions Km = K(555
nm) = 683 lm W-1.
Relationship between radiometric and
photometric quantities: Φvλ = Km V(λ) Φeλ

lumen per
watt

lm W-1

K(λ)

K(λ) = Km V(λ)

Φvλ = K(λ) Φeλ

lumen per
watt

lm W-1

spectral
absorptance

α(λ)

Ratio of the spectral radiant or
luminous flux absorbed to that
of the incident radiation

These quantities are dimensionless.

spectral
reflectance

ρ(λ)

Ratio of the spectral radiant or
luminous flux reflected to that
of the incident radiation

The quantities 3.30, 3.31, and 3.32 are also
called spectral absorption factor, spectral
reflection factor, and spectral transmission
factor respectively.

Definition

Conversion factors

Remarks
1 sb = 1 cd cm-2
(stilb)

1 lx h = 3600 lx s
(exactly)
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Item
No

Quantity

Symbol

Definition

Remarks

Name of
unit

International symbol

3.34

spectral
transmittanc
e

τ(λ)

Ratio of the spectral radiant or
luminous flux transmitted to
that of the incident radiation

3.35

spectral
radiance
factor

β(λ)

At a point of a surface and in a
given direction the ratio of the
spectral radiance of a non-selfradiating body to that of a
perfect diffuser under identical
irradiation conditions

3.36

spectral
linear
attenuation
coefficient,
linear
extinction
coefficient

µ(λ)

The relative decrease in spectral
radiant or luminous flux of a
collimated beam of electromagnetic radiation during
traversal of an infinitesimal
layer of a medium, divided by
the thickness of that layer

µ/ρ, where ρ is the density of the medium, is
called mass attenuation coefficient.

reciprocal
metre

m-1

3.37

spectral
linear
absorption
coefficient

a(λ)

The part of the linear
attenuation coefficient that is
due to absorption

a/ρ, where ρ is the density of the medium, is
called mass absorption coefficient.

reciprocal
metre

m-1

3.38

spectral
molar
absorption
coefficient

κ(λ)

a (l ) , where c is the
c
molar concentration

square
metre per
mole

m2 mol-1

3.39

spectral
refractive
index

n(λ)

The ratio of the velocity of
electromagnetic radiation in
vacuo to the phase velocity of
electromagnetic radiation of a
specified frequency in a
medium

K (l ) =

This quantity is dimensionless.

Definition

Conversion factors

Remarks
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A4. ULTRASOUND
Item
No

Quantity

4.1

velocity of
sound

Symbol
c

Definition

Remarks

Name of
unit

International symbol

Velocity of an acoustic wave

For example, in a homogeneous liquid, the
velocity of sound is c = K / r , where Ka

metre per
second

m s-1

metre

m

a

Definition

Conversion factors

Remarks

is the adiabatic bulk modulus and ρ the
density.
4.2

acoustic
particle
displacement

ξ

4.3

acoustic
particle
velocity

v

4.4

acoustic
particle
acceleration

a

4.5

static
pressure

ps

4.6

acoustic
pressure

p

4.7

acoustic
radiation
pressure *
acoustic
energy
density

prad

4.8

w

Instantaneous displacement of a
particle of the medium from
what would be its position in the
absence of acoustic waves

In an ultrasound field, the quantities p, ξ, v,
and a have instantaneous values varying in
time. Their amplitudes are denoted by

rˆ , xˆ, vˆ, aˆ respectively

v=

¶x
¶t

metre per
second

m s-1

a=

¶v
¶t

metre per
square
second

m s-2

Pressure that whould exist in the
absence of acoustic waves

pascal

Pa

The difference between the
instantaneous total pressure and
the static pressure
Temporal average of the
pressure exerted on the
boundary between two media
Mean acoustic energy in a given
volume divided by that volume

pascal

Pa

pascal

Pa

joule per
cubic metre

J m-3

watt

W

If the energy density is varying with time,
the mean must be taken over an interval
during which the sound may be considered
statistically stationary. The acoustic energy
density at a point in the far field region can
be expressed by

w=
4.9

*

acoustic
power

P

Acoustic energy emitted or
transferred in a certain time
interval, divided by the duration
of that interval

Not in ISO 31/7-1978 (ISO 82)

1
1 rˆ 2
r nˆ 2 =
2
2 rc 2

1 bar = 105 Pa
(exactly)
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Item
No

Quantity

Symbol

Definition

Remarks

Name of
unit

International symbol

Acoustic power incident on a
small sphere, divided by the
cross-sectional area of that
sphere

The acoustic intensity in a specified direction
at a point is the acoustic power transmitted in
the specified direction through an area
normal to this direction at the point
considered, divided by this area.

watt per
square
metre

W m-2

Definition

Conversion factors

Remarks

acoustic
energy flux
4.10

acoustic
intensity *

4.11

spatial peaktemporal
peak
intensity *

ISPTP

Temporal peak intensity at the
point in the acoustic field where
the temporal peak intensity is a
maximum

watt per
square
metre

W m-2

4.12

spatial peakpulse
average
intensity *

ISPPA

Pulse average intensity at the
point in the acoustic field where
the pulse average intensity is a
maximum

watt per
square
metre

W m-2

4.13

spatial peaktemporal
average
intensity *

ISPTA

Temporal average intensity at
the point in the acoustic field
where the temporal average
intensity is a maximum

watt per
square
metre

W m-2

4.14

spatial
averagepulse
average
intensity *

ISAPA

Pulse average intensity averaged
over the beam cross-sectional
area

watt per
square
metre

W m-2

4.15

spatial
averagetemporal
average
intensity *

ISATA

Temporal average intensity
averaged over the beam crosssectional area

watt per
square
metre

W m-2

4.16

acoustic
pressure
level

Lp, L

Lp = 20 lg (p/p0), where p is the
root-mean-square acoustic
pressure and p0 a reference
pressure

This quantity is dimensionless.
The reference pressure must be explicitly
stated, generally p0 = 20 µPa.
The subscript p is often omitted, when other
subscripts are needed.

decibel

dB

1 dB is the sound pressure level when 20 lg
(p/p0) = 1

The numerical value
of Lp expressed in
decibels is given
by20 lg (p/p0)

4.17

acoustic
power level

LP

LP = 10 lg (P/P0), where P and
P0 are a given acoustic power
and a reference power,
respectively

This quantity is dimensionless.
The reference power must be explicitly
stated, generally
P0 = 10-12 W

decibel

dB

1 dB is the sound power level when 10 lg (P/P0)
=1

The numerical value
of LP expressed in
decibels is given
by10 lg (P/P0) = 1

*
*

I

Not in ISO 31/7-1978 (ISO 82). Adopted from AIUM/NEMA standard (AIUM/NEMA 81)
Not in ISO 31/7-1978 (ISO 82). Adopted from AIUM/NEMA standard (AIUM/NEMA 81)
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Item
No

Quantity

4.18

loudness
level

4.19

Definition

Remarks

Name of
unit

LN

LN = 20 lg(peff/p0)1 kHz, where peff
is the effective (root-meansquare) sound pressure of a
standard pure tone of 1 kHz
which is judged by a normal
observer under standardized
listening conditions as being
equally loud, and where p0 = 20
µPa

This quantity is dimensionless.

phon

specific
acoustic
impedance **

Z

At a point in a medium, the
complex representation of
acoustic pressure divided by the
complex representation of
particle velocity.
Z = p/v

In general, Z depends on the phase
difference between p and v. For a plane
progressive wave in a non-dissipative
medium the specific acoustic impedance has
the value rc. This is called the characteristic
impedance.

pascal
second per
metre

4.19

specific
acoustic
impedance **

Z

At a point in a medium, the
complex representation of
acoustic pressure divided by the
complex representation of
particle velocity.
Z = p/v

In general, Z depends on the phase
difference between p and v. For a plane
progressive wave in a non-dissipative
medium the specific acoustic impedance has
the value rc. This is called the characteristic
impedance.

4.20

pressure
reflexion
factor ***

r

Ratio of the acoustic pressure of
the wave reflected at a boundary
to the pressure of the incident
wave r = pr/pi

These quantities are dimensionless.
For normal incidence on a boundary between
media with characteristic impedances Z1 and
Z2, r = (Z2 - Z1) / (Z2 + Z1)

4.21

pressure
transmission
factor *

t

Ratio of the acoustic pressure of
the wave transmitted through a
boundary to the pressure of the
incident wave t = pt/pi

t = 2 Z2 / (Z2 + Z1)

4.22

intensity
reflection
factor *

R

Ratio of the acoustic intensity
reflected at a boundary to the
incident intensity R = Ir/Ii

R = (Z2 - Z1)2 / (Z2 + Z1)2

4.23

intensity
transmission
factor *

T

Ratio of the acoustic intensity
transmitted through a boundary
to the incident intensity T = It /
Ii

T = 4 Z2 Z1 / ( Z2 + Z1)2

**
**
***
*

Symbol

Denoted as "characteristic impedance" in ISO 31/7-1978 (ISO 82)
Denoted as "characteristic impedance" in ISO 31/7-1978 (ISO 82)
Not in ISO 31/7-1978 (ISO 82)
Not in ISO 31/7-1978 (ISO 82).

International symbol

Definition

Conversion factors

1 phon is the loudness level when20 lg
(peff/p0)1 kHz = 1

Remarks
The numerical value
of LN expressed in
phons is given by20
lg (peff/p0)1 kHz

Pa s m-1

Numerical values in
dB are obtained as 20
lg r
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Item
No

Quantity

4.24

amplitude
attenuation
coefficient

4.25

Definition

Remarks

Name of
unit

International symbol

α

For an exponential change of
the pressure amplitude A of an
acoustic wave with distance x,
A = A0 e-αx, the exponent is the
product of the amplitude
attenuation coefficient and the
distance.

The quantity 1/α is denoted as attenuation
length. The energy density in an acoustic
wave is attenuated with distance x according
to the "energy attenuation coefficient" 2α.

reciprocal
metre

m-1

amplitude
absorption
coefficient *

αa

The contributions to attenuation
by absorption and scattering are
expressed by

α = α a+ α s

reciprocal
metre

m-1

amplitude
scattering
coefficient *

αs

e-αx = e-(αa + αs)x

4.26

level
attenuation
coefficient *

α'

For a linear change of acoustic
pressure level or power level
with distance x, L(x) = L(0) α'x,the slope of the curve is the
level attenuation coefficient

decibel per
metre

dB m-1

4.27

level
absorption
coefficient *

α'a

For a linear change of acoustic
pressure level or power level
with distance x, L(x) = L(0) (α'a + α's)x,

decibel per
metre

dB m-1

level
scattering
coefficient

α's

the slope of the curve is the sum
of the level absorption and
scattering coefficient

intensity
backscattering
coefficient *

B

Quotient ∆PB / (∆V • ∆Ω • I0),
where ∆PB is the acoustic power
backscattered from volume ∆V
into solid angle ∆Ω at scattering
angle 180°, and I0 is the incident
acoustic intensity

reciprocal
metre per
steradian

m-1 sr-1

4.28

*

Symbol

Not in ISO 31/7-1978 (ISO 82).

α' = α'a + α's

Definition

Conversion factors

Remarks

