
Designation: E 349 – 00

Standard Terminology Relating to
Space Simulation 1

This standard is issued under the fixed designation E 349; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

These definitions pertain to technologies related to space environment simulation. Where possible,
existing international and national standard definitions have been used.

ELECTROMAGNETIC RADIATION TERMS

FUNDAMENTAL CONCEPTS

absorption, n—transformation of radiant energy to a different
form of energy by interaction with matter.

complex radiation, n—radiation composed of a number of
monochromatic radiations.

diffusion, n—change of the spatial distribution of a beam of
radiation when it is deviated in many directions by a surface
or a medium.

emission,n— release of radiant energy.
infrared radiation, n—radiation for which the wavelengths of

the monochromatic components are greater than those for
vissible radiation, and less than about 1 mm.

NOTE 1—The limits of the spectral range of infrared radiation are not
well defined and may vary according to the user. Committee E-2.1.2 of the
CIE distinguishes in the spectral range between 780 nm and 1 mm:

IR-A 780 to 1400 nm
IR-B 1.4 to 3 µm
IR-C 3 µm to 1 mm

irradiation, n—application of radiation to an object.
monochromatic radiation, n—radiation characterized by a

single frequency. By extension, radiation of a very small
range of frequency or wavelength that can be described by
stating a single frequency or wavelength.

radiation, n—(1) emission or transfer of energy in the form of
electromagnetic waves or particles.
(2) the electromagnetic waves or particles.

NOTE 2—In general, nuclear radiations and radio waves are not
considered in this vocabulary, only optical radiations, that is, electromag-

netic radiations (photons) of wavelengths lying between the region of
transition to X-rays (1 nm) and the region of transition to radio waves (1
mm).

reflection, n—return of radiation by a surface without change
of frequency of the monochromatic components of which the
radiation is composed.

refraction, n—change in the direction of propagation of
radiation determined by change in the velocity of propaga-
tion in passing from one medium to another.

spectrum of radiation, n—(1) spatial display of a complex
radiation produced by separation of its monochromatic
components.
(2) composition of a complex radiation.

transmission, n—passage of radiation through a medium
without change of frequency of the monochromatic compo-
nents of which the radiation is composed.

ultraviolet radiation, n—radiation for which the wavelengths
of the monochromatic components are smaller than those for
visible radiation and more than about 1 nm.

NOTE 3—The limits of the spectral range of ultraviolet radiation are not
well defined and may vary according to the user. Committee E-2.1.2 of the
CIE distinguishes in the spectral range between 100 and 400 nm:

UV-A 315 to 400 nm
UV-B 280 to 315 nm
UV-C 100 to 280 nm

visible radiation, n—any radiation capable of causing a visual
sensation.

NOTE 4—The limits of the spectral range of visible radiation are not
well defined and may vary according to the user. The lower limit is
generally taken between 380 and 400 nm and the upper limit between 760
and 790 nm (1 nanometer, nm = 10−9 m).

QUANTITIES

absorptance,n—ratio of the absorbed radiant or luminous flux
to the incident flux. Symbol:ae, av, a.

1 These definitions are under the jurisdiction of ASTM Committee E21 on Space
Simulation and Applications of Space Technology and are the direct responsibility
of Subcommittee E21.02 on Terminology, Units, and Editorial.
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NOTE 5—In general, the value of the absorptance depends upon the
mode of irradiation, the spectral composition, and the state of polarization
of the incident radiation.

absorptivity of an absorbing material, n—internal absorp-
tance of a layer of the material such that the path of the
radiation is of unit length.

diffuse reflection, n—diffusion by reflection in which, on the
macroscopic scale, there is no regular reflection.

diffuse transmission,n—transmission in which diffusion oc-
curs independently, on the macroscopic scale, of the laws of
refraction.

directional emissivity of a thermal radiator, n—ratio of the
thermal radiance of the radiator in a given direction to that of
a full radiator at the same temperature. Symbol:e(u, f); e(u,
f) = Le,th (u,f)/Le (e = 1).

emissivity of a thermal radiator, n—ratio of the thermal
radiant exitance of the radiator to that of a full radiator at the
same temperature. Symbol:e, e = Me,th/Me(e = 1).

NOTE 6—Formerly “pouvoir émissif” (fr.).

frequency, n—reciprocal of the period. Symbol;f, n.

NOTE 7—When the independent variable is time, the unit of frequency
is the hertz. Symbol: Hz (1 Hz = 1 s−1). (This unit is also called “cycle per
second,” c/s.)

full radiator: blackbody (USA), Planckian radiator,
n—thermal radiator that absorbs completely all incident
radiation, whatever the wavelength, the direction of inci-
dence, or the polarization. This radiator has, for any wave-
length, the maximum spectral concentration of radiant exi-
tance at a given temperature.

goniophotometer, n—photometer for measuring the direc-
tional light distribution characteristics of sources, lighting
fittings, media, and surfaces.

NOTE 8—A goniophotometer for measuring the spatial distribution of
luminous intensity is also called a distribution photometer.

gray body, n—nonselective radiator whose spectral emissivity
is less than one.

integrating (Ulbrecht) sphere, n—part of an integrating
photometer. A sphere that is coated internally with a white
diffusing paint as nonselective as possible and is provided
with an associated equipment for making a photometric
measurement at a point of the inner surface of the sphere. A
screen placed inside the sphere prevents the point under
observation from receiving any radiation directly from the
source.

internal absorptance of a homogeneous nondiffusing plate,
n—ratio of the radiant or luminous flux absorbed between
the entry and exit surfaces of the plate to the flux which
leaves the entry surface. Symbol:ai, ai + ti = 1.

NOTE 9—For a given plate, the internal absorptance is a function of the
path length of the radiation in the plate and thus of the angle of incidence.
The fundamental concept is spectral internal absorptance.ai (l).

internal transmission density,n—logarithm to the base 10 of
the reciprocal of the internal transmittance. Symbol:Di,
Di = −log10 ti.

NOTE 10—See Note 12 ofinternal transmittance.

NOTE 11—In German, the symbolE is still in use and the natural
logarithm is also used sometimes instead of the common logarithm; the
corresponding quantity is then called “natürliches Absorptionsmass.”
(= In 1/ti).

internal transmittance of a homogeneous nondiffusing
plate, n—ratio of the radiant or luminous flux reaching the
exit surface of the plate to the flux which leaves the entry
surface.

NOTE 12—For a given plate, the internal transmittance is a function of
the path length of the radiation in the plate and thus of the angle of
incidence. The fundamental concept is “spectral internal transmittance”
t(l).

irradiance at a point on a surface,n—quotient of the radiant
flux incident on an element of the surface containing the
point by the area of that element. Symbol:Ee, E; Ee = dFe/
dA; Unit: Watt per square metre, W·m−2.

NOTE 13—In ultraviolet radiation therapy and photobiology, this quan-
tity is called dose rate (International Photobiology Committee, 1954).

linear absorption coefficient of an absorbing medium,
n—quotient of the internal absorptance of a path element
traversed by the radiation, by the lengthd of this element.
Symbol:a; − dF = aFdl; Unit: m−1; al = ln 10Di.

NOTE 14—The linear absorption coefficient is also the part of the linear
attenuation coefficient that is due to absorption.

NOTE 15—In German practice, a linear absorption coefficient is also
defined for a homogeneous medium of finite thicknessd, as the quotient
of the “Absorptions-mass” (logarithm of the reciprocal of the internal
transmittance), by the thicknessd of the layer. According to whether the
natural logarithm or the logarithm to the base 10 is used, one may
distinguish the “natürliche Absorptionskoeffizient” (mn) quotient of the
“natürliche Absorptionsmass” (see Note 2,internal transmission den-
sity) by the thicknessd of the layer traversed by the radiation, and the
“dekadische Absorptionskoeffizient” (m) quotient of the internal transmis-
sion density by the thicknessd of the layer.

NOTE 16—a/r, wherer is the density of the medium, is called “mass
absorption coefficient.”

linear attenuation (extinction) coefficient of an absorbing
and diffusing medium, for a collimated beam of radiation,
n—quotient of the relative decrease in spectral concentration
of radiant or luminous flux of a collimated beam of radiation
during traversal with normal incidence of an infinitesimal
layer of the medium by the thickness of that layer. Symbol:
µ; − dF = µFdl; Unit: m−1.

NOTE 17—This concept only applies strictly to slightly diffusing edia.
NOTE 18—µ/r, where r is the density of the medium, is called the

“mass attenuation coefficient.”

mixed reflection, n—partly regular and partly diffuse reflec-
tion.

NOTE 19—The irradiance or illuminance received from a point source
after regular (diffuse) reflection varies inversely as the square of the
distance to the source (diffuser).

mixed transmission, n—partly regular and partly diffuse
transmission.

NOTE 20—The irradiance or illuminance received from a point source,
after regular (diffuse) transmission, varies inversely as the square of the
distance to the source (diffuser).
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nonselective radiator, n—thermal radiator whose spectral
emissivity is independent of wavelength over the range
considered.

opaque body,n—body that transmits practically no light.
period, n—size of the minimum interval of the independent

variable after which the same characteristics of a periodic
phenomenon recur.

NOTE 21—In radiation, the independent variable is the time and the
corresponding quantity is the periodic time: Symbol:T; Unit: second (s).

photometer, n—instrument used for measuring photometric
quantities.

photometry, n—measurement of quantities referring to radia-
tion, evaluated according to the visual effect which it
produces, as based on certain conventions.

radiance (in a given direction, at a point on the surface of a
source or receptor or at a point in the path of a beam),,
n—quotient of the radiant flux leaving, arriving at, or
passing through an element of surface at this point and
propagated in directions defined by an elementary cone
containing the given direction by the product of the solid
angle of the cone and the area of the orthogonal projection of
the element of surface on a plane perpendicular to the given
direction. Symbol:Le, L; Le = d2F (dv dA cosQ); Unit: Watt
per steradian and per square metre, W·sr−1 m−2.

NOTE 22—Three special cases may be noted:
Case 1—At a point on the surface of a source, in a given direction,

radiance is also the quotient of the radiant intensity in the given direction
of an element of the surface at this point, by the area of the orthogonal
projection of this element on a plane perpendicular to this direction
(radiant intensity per unit projected area).Le = dIe/(dA cosQ).

Case 2—At a point on the surface of a receptor, in a given direction,
radiance is also the quotient of the irradiance that is received at this point
on a surface perpendicular to the given direction by the solid angle of the
elementary cone containing this direction and surrounding the beam which
produces this irradiance (perpendicular irradiance per unit solid angle).
Le = dEe/dv.

Case 3—On the path and in the direction of an element of a beam, in
a nondiffusing, nonabsorbing medium, the radiance is also the quotient of
the radiant flux dFe which transports the beam, by the geometric extent
dG of the beam. The geometric extent, which may be defined by two
sections of the beam of areas dA and dA8 of separationl, and having angles
Q andQ8 between their normals and the direction of the beam is dG = dA
cosQ dv where the numerical value in steradians of dv is dA8 cosQ8l−2.
L0 = dF0/dG = d2Fe/(dv dA cosQ). In the absence of diffusion, it can be
demonstrated in geometrical optics that the optical extent, product of the
geometric extent of an element of a beam and the square of the refractive
index of the medium of propagation, is an invariant along the length of the
beam whatever the deviations that it undergoes by reflection or refraction
(dG·n2 = constant). In consequence, the basic radiance, quotient of the
radiance by the square of the refractive index, is invariant along the length
of an element of a beam if losses by absorption or by reflection are taken
as zero (Le·n

−2 = constant).

radiance factor at a point on the surface of a nonself-radiating
body, in a given direction under specified conditions of
irradiation,, n—ratio of the radiance of the body to that of a
perfect reflecting or transmitting diffuser, identically irradi-
ated. Symbol:b.

radiant efficiency of a source of radiation, n—ratio of the
radiant flux emitted to the power consumed. Symbol:he, h.

NOTE 23—The radiant efficiency of a source in a limited region of the

spectrum may also be considered, that is, the ratio of the radiant flux
emitted in this spectral region to the power consumed.

radiant energy, n—energy emitted, transferred, or received as
radiation. Symbol:Qe, Q; Unit: joule J (1 J = W·s).

NOTE 24—In ultraviolet radiation therapy and photobiology, this quan-
tity is called “integral dose” (International Photobiology Committee,
1954).

radiant exposure at a point on a surface,n—surface density
of the energy received. Symbol:He, H; He = dQe/dA = * Ee

dt; Unit: joule per square metre, J·m−2.

NOTE 25—Formerly “irradiation.”
NOTE 26—Equivalent definition: Product of an irradiance and its

duration.
NOTE 27—In ultraviolet radiation therapy and photobiology, this quan-

tity is called dose (International Photobiology Committee, 1954).

radiant exitance at a point on a surface,n—quotient of the
radiant flux leaving an element of the surface containing the
point, by the area of that element. Symbol:Me, M; Me = dFe/
dA = *2 Le cosudv. Unit: Watt per square metre, W·m−2.

NOTE 28—The name radiant emittance previously given to this quantity
is abandoned because it has given rise to confusion. Thus, the term
“emittance” has been used to designate either the flux per unit area leaving
a surface (whatever the origin of the flux), the flux per unit area emitted
by a surface (flux originating in the surface), or, principally, in certain
circles in the United States of America, a quantity without dimensions
similar to “emissivity,” but applicable only to a specimen.

NOTE 29—The expression “self-radiant exitance” (Me,s) indicates that
the flux considered does not include reflected or transmitted flux.
The expression “thermal-radiant exitance” (Me,th) indicates that the flux
considered is produced by thermal radiation. These same adjectives (self,
thermal) are equally applicable to other quantities, such as radiance, and
so forth.

NOTE 30—In the case of a full radiator (blackbody), the radianceLe is
uniform in all directions. In consequence, when the solid angle is
measured in steradians, the radiant exitance has the numerical value
Me = ple.

radiant flux: radiant power, n—power emitted, transferred,
or received as radiation: Symbol:Fe, F, P; Fe = dQe/dt;
Unit: Watt (W).

radiant flux (surface) density at a point of a surface,
n—quotient of the radiant flux at an element of the surface
containing the point, by the area of that element. (See also
irradiance and radiant exitance.) Unit: Watt per square
metre, W·m−2.

radiant intensity of a source, in a given direction,
n—quotient of the radiant flux leaving the source propagated
in an element of solid angle containing the given direction,
by the element of solid angle. Symbol:Ie, I; Ie = dFe/dv;
Unit: Watt per stearadian, W·sr−1.

NOTE 31—For a source that is not a point source: The quotient of the
radiant flux received at an elementary surface by the solid angle which this
surface subtends at any point of the source, when this quotient is taken to
the limit as the distance between the surface and the source is increased.

radiometer, n—instrument for measuring radiation in energy
or power units.

radiometry, n—measurement of the quantities associated with
radiation.
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reflectance,n—ratio of the reflected radiant or luminous flux
to the incident flux. Symbol:re, rv, r; p = rr + rd.

NOTE 32—When mixed reflection occurs, the (total) reflectance may be
divided into two parts, regular (rr) and diffuse reflectance (rd), corre-
sponding, respectively, to the two modes of reflection referred to above.
In general, the values of the various reflectances depend upon the mode of
irradiation, the spectral composition, and state of polarization of the
incident radiation.

reflectance factorat a point on a surface, for the part of the
reflected radiation contained in a given cone with apex at the
point of the surface, and for incident radiation of given
spectral composition and geometric distribution,, n—ratio
of the radiant flux reflected in the directions delimited by the
cone to that reflected in the same directions by a perfect
reflecting diffuser identically irradiated.

NOTE 33—For specularly reflecting surfaces that are irradiated by a
source of small solid angle, the reflectance factor may be much larger than
unity if the cone includes the mirror image of the source.

NOTE 34—If the solid angle of the cone approaches zero, or 2p sr, the
reflectance factor approaches radiance factor or reflectance, respectively.
In instruments called “reflectance spectrophotometers,” the geometrical
distribution is, in general, intermediate between these two extreme cases.
The readings of these instruments, corrected for photometric-scale errors,
wavelength-scale errors, and for deviations of the reflecting standard used
from a perfect reflecting diffuser, are spectral reflectance factors. For a
given sample, these values depend on the geometrical characteristics of
the instrument.

NOTE 35—The term “directional reflectance” is used currently in the
United States in this sense.

reflection (optical) density,n—logarithm to the base 10 of the
reciprocal of the reflectance. Symbol:D, D = −log10r.

reflectivity, n—reflectance of a layer of material of such a
thickness that there is no change of reflectance with in-
creased thickness. Symbol:r `.

reflectometer, n—instrument for the measurement of quanti-
ties pertaining to reflection.

regular (specular) reflection,n—reflection without diffusion
in accordance with the laws of optical reflection.

regular (direct) transmission, n—transmission without diffu-
sion.

relative spectral energy (power) distribution,n—description
of the spectral character of a radiation (description of an
illuminant) by the way in which the relative spectral con-
centration of radiant energy varies throughout the spectrum.
Symbol:S (l).

retroreflection; reflex reflection, n—reflection in which light
is returned in directions close to the direction from which it
came, this property being maintained over wide variations in
the direction of incident light.

selective radiator, n—radiator whose spectral emissivity de-
pends on the wavelength over the range considered.

solar constant,n—the total solar irrandiance at normal inci-
dence on a surface in free space at the earth’s mean distance
from the sun (1 AU).

spectral (referring to radiometric quantities), adj—for mono-
chromatic radiation at a specified wavelength (or frequency),
or, by extension, for radiation within a narrow wavelength
band about a specified wavelength.

NOTE 36—When certain quantities, such as absorptance for transmit-

tance, and so forth, are considered for monochromatic radiation, they are
functions of wavelength (or frequency, or wave number, and so forth).
They then may be designated by the same term preceded by the adjective
“spectral” and by the same symbol followed byl (or n, or s, and so forth)
in parentheses, example: spectral transmittance,t(l).

Spectral quantities are frequently plotted as a function of wavelength
(or frequency) to produce a spectral curve.

If the spectral concentration of a quantityX is considered, it also may
be designated by way of abbreviation by the name of the quantity
preceded by the adjective “spectral” as before, and by the symbol for the
quantity with the subscriptl (or n, or s, and so forth), but it must be
remembered thatX and Xl are quantities of a different kind because
Xl = dX/dl.

spectral concentration of a radiometric quantity,
n—quotient of the quantity, taken over an infinitesimal range
on either side of a given wavelength, by the range.Xe,
l = dXe/dl.

NOTE 37—Frequencies, wavenumbers, or their logarithms may also be
used; if there is a risk of ambiguity, this should be avoided by means of
the wording: “spectral concentration in terms of frequency,” and so forth.
(See preliminary remarks at the beginning of “quantities” regarding use of
the adjective spectral.)

spectral distribution curve of a radiometric quantity (radi-
ant flux, radiant intensity, and so forth), n—curve represent-
ing the spectral concentration of the quantity as a function of
wavelength (see Note 37).

NOTE 38—Commonly, the relative spectral distribution curve is used,
that is, the curve representing the ratio of the spectral concentration of the
quantity to a certain value of the same quantity.

spectrophotometer,n—instrument for measuring the ratio of
two spectral radiometric quantities.

spectroradiometer, n—instrument for measuring the spectral
concentration of radiant energy or radiant power.

thermal radiation, n—process of emission in which the
radiant energy originates in the thermal agitation of the
particles of matter (atoms, molecules, ions).

NOTE 39—The terms “thermal radiation” and, in German “Temperatur-
strahlung” apply not only to the process of emission, but also to the
radiation itself.

thermal radiator, n—source emitting by thermal radiation. in
parentheses indicates the year of last reapproval. A super-
script epsilon (e) indicates an editorial change since the last
revision or reapproval.

translucent body, n—body that transmits light principally by
diffuse transmission. Objects are not seen distinctly through
such a body.

transmission (optical) density,n—logarithm to the base 10 of
the reciprocal of the transmittance. Symbol:D, D = −log10 t.

transmissivity of an absorbing material, n—internal trans-
mittance of a layer of the material such that the path of the
radiation is of unit length.

transmittance, n—ratio of the transmitted radiant or luminous
flux to the incident flux. Symbol:te, tv, t; t = tr + td.

NOTE 40—Where mixed transmission occurs, the (total) transmittance
may be divided into two parts, regular transmittance (t) and diffuse
transmittance (td), corresponding, respectively, to the two modes of
transmission referred to above.

In general, the values of the various transmittances depend upon the

E 349 – 00

4



mode of irradiation, the spectral composition, and the state of polarization
of the incident radiation.

transparent body, n—body in which the light transmission is
mainly regular and which has a high regular transmittance.
Objects are seen distinctly through such a body if its
geometrical form is suitable.

uniform diffuse reflection, n—diffuse reflection in which the
spatial distribution of the reflected radiation is such that the
radiance or luminance is the same in all directions in which
the radiation is reflected.

uniform diffuse transmission, n—diffuse transmission in
which the spatial distribution of the transmitted radiation is
such that the radiance or luminance is the same in all
directions in which the radiation is transmitted.

wavelength,n—distance in the direction of propagation of a
periodic wave between two successive points at which the
phase is the same (at the same time).

NOTE 41—The wavelength in a medium is equal to the wavelength in

vacuo divided by the refractive index of the medium. Unless otherwise
stated, values of wavelength are generally those in air. The refractive
index of standard air (15°C, 101.325 N·m−2) lies between 1.000 27 and
1.000 29 for visible radiations.

VACUUM TERMS

NOTE 42—Vacuum terms are now being compiled. Test Method E 294,2

Test Method E 295, Practice E 296, and Method E 2973 contain some
approved terms. The Glossary of Terms Used in Vacuum Technology,
published by The American Vacuum Society, is also being used where
applicable.

THERMAL ABLATIVE TERMS

ablation, n—a self-regulating heat and mass transfer process
in which incident thermal energy is expended by sacrificial
loss of material.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

2 Annual Book of ASTM Standards, Vol 15.03.
3 Discontinued, see1984 Annual Book of ASTM Standards, Vol 15.03.
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