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IEEE Standards documents are developed within the Technical 
Committees of the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Board. Members of the committees 
serve voluntarily and without compensation. They are not necessar- 
ily members of the Institute. The standards developed within IEEE 
represent a consensus of the broad expertise on the subject within the 
Institute as well as those activities outside of IEEE which have 
expressed an interest in participating in the development of the 
standard. 

Use of an IEEE Standard is wholly voluntary. The existence of an 
IEEE Standard does not imply that there are no other ways to  produce, 
test, measure, purchase, market, or provide other goods and services 
related to the scope of the IEEE Standard. Furthermore, the viewpoint 
expressed at the time a standard is approved and issued is subject to 
change brought about through developments in the state of the art and 
comments received from users of the standard. Every IEEE Standard 
is subjected to review at least once every five years for revision or 
reaffirmation. When a document is  more than five years old, and has 
not been reaffirmed, i t  is reasonable to conclude that its contents, al- 
though still of some value, do not wholly reflect the present state of the 
art. Users are cautioned t o  check to determine that they have the latest 
edition of any IEEE Standard. 

Comments for revision of IEEE Standards are welcome from any 
interested party, regardless of membership affiliation with IEEE. 
Suggestions for changes in documents should be in the form of a pro- 
posed change of text, together with appropriate supporting comments. 

Interpretations: Occasionally questions may arise regarding the 
meaning of portions of standards as they relate to  specific applica- 
tions. When the need for interpretations is  brought to the attention of 
IEEE, the Institute will initiate action to prepare appropriate re- 
sponses. Since IEEE Standards represent a consensus of all con- 
cerned interests, i t  is important to ensure that any interpretation has 
also received the concurrence of a balance of interests. For this reason 
IEEE and the members of its technical committees are not able to  
provide an instant response to  interpretation requests except in those 
cases where the matter has previously received formal consideration. 

Comments on standards and requests for interpretations should be 
addressed to: 

Secretary, IEEE Standards Board 
445 Hoes Lane 
P.O. Box 1331 
Piscataway, NJ 08855-1331 
USA 

' IEEE Standards documents are adopted by the Institute of Electrical 
and Electronics Engineers without regard to  whether their adoption 
may involve patents on articles, materials, or processes. Such adop- 
tion does not assume any liability to any patent owner, nor does i t  
assume any obligation whatever t o  parties adopting the standards 
documents. 
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Foreword 

(This Foreword is not part of IEEE Std 211-1990, IEEE Standard Definitions of Terms for Radio Wave Propagation.) 

This constitutes the second revision to the original ANSYIEEE Std 211-1969. The early history of 
ANSI/IEEE Std 211 was described in a Foreword to the first (1977) revision. The work on this 
second revision started on “tabled” definitions almost as soon as the 1977 version went to press. 
Chairmen of the Wave Propagation Standards Committee Subcommittee on Definitions have 
included Kurt Toman, C. H. Liu, John M. Kelso, and George H. Hagn, the current chairman. The 
primary developers of this second revision are listed in the acknowledgements along with others 
who materially assisted the work. Within the IEEE, the work has been coordinated with the APS 
Antenna Standards Committee and the following societies: EMC, COM, and Instrumentation and 
Measurements. It has  also been coordinated with the IEEE Dictionary (SCClO). The current 
version has been coordinated with the CCIR (International Radio Consultative Committee), the 
IEC (International Electrotechnical Commission), and with U S .  and Canadian officials of URSI 
(International Union of Radio Science). 

The fields covered include the following where pertinent to electromagnetic wave propagation: 
radio astronomy, optical waves, gravity waves, plasma waves, ionosphere, magnetosphere, and 
magneto-hydrodynamic, acoustic, and electrostatic waves. 

S.I. (rationalized MKS) units have been used throughout. 
As aptly noted in the Foreword t o  the first revision, “The need for revising a definitions 

standard transcends its publication date and is essentially continuous.” The current revision is 
one step in the continuous flow of this process. 

This standard was prepared by a Wave Propagation Standards Committee (WPSC) 
Subcommittee on Definitions consisting of: 

Gary S. Brown 
Walter A. Flood 

George H. Ham, Chairman 
Ray J. King 

Major contributions were made by: 
Richard K. Moore 

Useful comments were made by: 
Sidney A. Bowhill 
John F. Cavanagh 
Thomas A. Croft 

Philip L. Rice 
Felix K. Schwering 

Kenneth Davis 
Warren L. Flock 
Edward V. Jull 

C. H. Liu 
Warren L. Stutzman 

Ernest K. Smith 

Charles L. Rino 
K. C. Yeh 
Wolfhard J. Vogel 

At the time of approval of this document, the IEEE Antennas and Propagation Society (IEEE- 
APS) Wave Propagation Standards Committee (WPSC), which balloted this document for  
submission t o  the IEEE Standards Board, consisted of: 

Walter A. Flood, Chairman George H. Hagn, Secretary 

Sidney A. Bowhill 
Gary S. Brown 
John F. Cavanagh 
Thomas J. Carmll 
Robert K. Crane 
Thomas A. Croft 
Kenneth Davies 

*Immediate Past Chairman 

Warren L. Flock 
William E. Frazier 
George A. Hufford 
Motohisa Kanda 
Ray J. King* 
Cho H. Liu 
George H. Millman 
Richard K. Moore 

Philip L. Rice 
Ervin R. Schmerling 
Ernest K. Smith 
Glen S.  Smith 
Warren L. Stutzman 
Carson K. H.  Tsao 
Wolfhard J. Vogel 

The subcommittee, the WPSC, and the APS appreciate the assistance of all those who contributed 
to this standard. 
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When the IEEE Standards Board approved this standard on December 26, 1990, it had the 
following membership: 

W. Migliaro, Chairman Dennis Bodson, Past Chairman 
Andrew G. Salem, Secretary 

Paul L. Bonill 
Fletcher J. Buckley 
Allen L. Clapp 
James M. Daly 
Stephen R. Dillon 
Donald C. Fleckenstein 
Jay  Forster* 

Thomas L. Hannan 
Kenneth D. Hendrix 
John W. Horch 
Joseph L. Koepfinger* 
Michael A. Lawler 
Donald J. Lnughry 
John E. May, Jr. 
Lawrence V. McCall 

*Member Emeritus 

L. Bruce McClung 
Donald T. Michael* 
Stig Nilsson 
Roy T. Oishi 
Gary S. Robinson 
Terrance R. Whittemore 
Donald W. Zipse 
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IEEE Standard Definitions of Terms for 
Radio Wave Propagation 

absorption. The irreversible conversion of the Alfvh velocity (Val .  The characteristic 
energy of an  electromagnetic wave into velocity of an Alfven wave; given by: 
another form of energy as a result of wave 
interaction with matter. V, = H, E]" 
absorption (frequency) band. A band of 
frequencies for which a medium is considered 
to be an absorbing medium. 

absorption, deviative. Ionospheric absorption 
that occurs when the refractive index is 
appreciably less than unity. 

absorption, ionospheric. The loss of energy 
from an  electromagnetic wave caused by col- 
lisions in the ionosphere, primarily between 
electrons and neutral species and electrons 
and ions. 

absorption, non-deviative. Ionospheric absorp- 
tion tha t  occurs when the refractive index 
remains close to unity. 

absorption, polar cap. The intense absorption 
of radio waves in polar regions caused by the 
arrival of high energy solar protons, concen- 
trated in this region by the lines of force of the 
Earth's magnetic field. 

acoustic-gravity wave. In the atmosphere, a 
low-frequency wave whose restoring forces 
are compressional, gravitational and buoy- 
an t .  

albedo. (1) In astronomy (where the sizes of 
objects/surfaces are extremely large in com- 
parison to a wavelength), the ratio of the total 
radiation reflected (scattered) from an object 
to the total incident power. 
2) In transport theory or particle scattering 
(where the size of the object is not extremely 
large), the ratio of the total scattering cross- 
section to the sum of the scattering and 
absorption cross-sections. 

where p is the permeability, H ,  is the static 
magnetic field strength, and p is the mass 
density of the conducting fluid. 

Alfvkn wave. In a homogeneous magneto- 
ionic medium, the magneto-hydrodynamic 
wave tha t  propagates in the direction of the 
static magnetic field, with associated electric 
and magnetic fields and fluid particle veloci- 
ties oriented perpendicular to the direction of 
propagation. 

amplitude. Of a sinusoidally varying quan- 
tity, the maximum value of this quantity. 
Note: Sometimes the rms value, rather than 
the peak value, is used to characterize the 
amplitude of a sinusoidal oscillation. 

angle of arrival. Of a wave, the angle between 
the negative of the propagation vector and a 
reference direction. 

angle of incidence. At a point on a surface, the 
acute angle between the normal to this surface 
and the direction of propagation of an incident 
wave. 

angular frequency (U). Of a sinusoidal 
wave, 2rc times the frequency. The angular 
frequency is also called the radian frequency. 

antenna temperature. The temperature of a 
black body tha t ,  when placed around a 
matched antenna that is similar to the actual 
antenna but loss-free, produces from this 
antenna the same available noise power, in 
a specified frequency range, as the actual 
antenna i n  its normal electromagnetic 
environment. 
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antipodal focusing.  Ionospheric focusing 
observed in the vicinity of the antipodal point. 

atmospheric radio duct. A layer in the atmo- 
sphere within which radio waves propagate 
with low attenuation. 

atmospherics. Transient bursts of electro- 
magnetic radiation arising from natural  
electrical disturbances in the lower atmo- 
sphere. Note: In the past, the term “static” was 
used to include atmospherics and other radio 
noise. The term “sferics” is in current use. 

attenuation, of an electromagnetic wave. 
The decrease in amplitude of a field with 
distance or with changes in the propagation 
path in excess of the decrease due to a geomet- 
rical spreading factor. See also: spreading 
factor. 

attenuation constant. The magnitude of the 
attenuation vector. 

attenuation vector (a). The real part of the 
propagation vector (7). The attenuation vector 
points in the direction of maximum decrease 
in amplitude. 

aurora. Collective name of optical, electrical 
and magnetic phenomena, generally at  
high latitudes, resulting from direct excita- 
tion of the upper atmosphere by energetic 
particles. 

auroral attenuation. The attenuation of radio 
waves propagating through the D and E 
regions of the ionosphere when additional 
ionization is produced by an aurora. 

auroral hiss. Audio-frequency electromag- 
netic noise associated with auroras. 

auroral zone, auroral oval. An annular 
region situated between approximately 60 
degrees and 70 degrees geomagnetic latitude, 
north or south, in which auroras a re  fre- 
quently present. 

backscatter. The scattering of waves back 
toward the source. 

bandwidth, coherent; dispersive bandwidth. 
Same us: fkequency selective bandwidth. 
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bandwidth, frequency selective. The inverse 
of the product 2xa,, where a, is the time delay 
spread. 

Brewster angle. The angle of incidence 
of a wave on the planar bounding surface of a 
lossless medium for which the reflection 
coefficient for parallel polarization is zero. 
N o t e :  For a lossy medium, the pseudo- 
Brewster angle is that angle at which the 
modulus of the reflection coefficient is  a 
minimum.  

brightness of surface. The power radiated per 
unit area, per unit bandwidth, per unit solid 
angle.  

brightness temperature. Of a region on an 
extended source at a given wavelength, the 
temperature of a black-body radiator that  has 
the same brightness. 

characteristic impedance. Of a transmission 
line, the ratio of the complex voltage between 
the conductors to the complex current on the 
conductors, taken at a common reference 
plane. These voltages and currents must be 
associated with waves traveling in the same 
direction. 

characteristic wave. A wave that propagates in 
a homogeneous anisotropic medium with un- 
changing polarization. See: o r d i n a r y  wave 
and extraordinary wave. 

circularly polar ized wave. An electromag- 
netic wave for which the locus of the tip of 
the  electric field vector is a circle in a 
plane orthogonal to the wave normal, This 
circle is traced at a rate equal t o  the angular 
frequency of the wave. See also: l e f t -handed  
polarized wave and right-handed polarized 
wave. 

coherence. The correlation between electro- 
magnetic fields at points separated in space or 
in time or both. 

coherence function [R(&,T)]. The expected 
value of the product of a component of the 
complex field (F,) at a given location (7) and 
time t and the complex conjugate of that  field 
component (F,*) at a different location (if + 
nf.) and time ( t  + 2): 
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Notes: (1) This definition assumes tha t  the 
statistics of the fields are homogeneous and 
stationary. (2) The normalized coherence 
function, also called the mutual coherence 
function, is the coherence function divided by 
the expected value of the square of the 
magnitude of the field. 

collision frequency. In a plasma, the average 
number of collisions per second of a charged 
particle of a given species with particles of 
another or the same species. 

conductivity (6). A macroscopic material 
property that relates the conduction current 
density (3) to the electric field (3) in the 
medium. For a monochr'omatic wave in a 
linear medium, tha t  relationship is described 
by the (phasor) equation: 

where 3, t he  conductivity, i s  a tensor, 
generally frequency dependent and 3 is  in  
phase with 2. For an isotropic medium, the 
tensor conductivity reduces t o  a scalar 
conductivity. 

transmitting antenna is radiating nominally 
orthogonally polarized signals at the same 
frequency and power level. 

cyclotron frequency. See: gyro-frequency. 

cylindrical wave. A wave whose equiphase 
surfaces form a family of coaxial cylinders. 

D layer. An ionized layer in the D region. 

D region. The region of the terrestrial 
ionosphere between about 50 and 90 km 
altitude. Note: The D region is responsible for 
most of the daytime attenuation of LF, MF and 
HF radio waves. 

Debye length (LD). That distance in a plasma 
over which a free electron may move under its 
own kinetic energy before it is pulled back by 
the electrostatic restoring forces of the 
polarization (ion) cloud surrounding it. Over 
this distance, a net charge density can exist in 
an ionized gas. The Debye length is given by: 

LD = 6.9 [$I" 
where Te is the electron temperature, and Ne is 
the electron number density. 

cosmic noise. Noise-like radio waves origi- 
nating from extragalactic sources. 

critical frequency, of an ionospheric layer. 
The limiting frequency below which a nor- 
mally incident magneto-ionic wave compo- 
nent is reflected by, and above which it 
penetrates through, an ionospheric layer. 

decorrelation distance. The direction-depen- 
dent distance over which the mutual coherence 
function falls to l/e of its maximum value. 
Also called correlation length. 

decorrelation time (T~). The time required for 
the mutual coherence function to decay to l/e of 
its maximum value. 

cross-polarization. The polarization orthog- 
onal to a reference polarization. See: orthogo- 
nal polarization. 

cross-polarization discrimination. The ratio 
of the signal level at the output of a receiving 
antenna, nominally co-polarized with the 
transmitting antenna, to the output of a receiv- 
ing antenna of the same gain but nominally 
orthogonally polarized to the transmitting 
antenna. 

cross-polarization isolation. The ratio of the 
wanted signal level t o  the unwanted signal 
level in the same receiver channel when the 

defocusing. The failure of rays to converge. 

diffracted wave. An electromagnetic wave 
generated when an  incident wave encounters 
one o r  more obstacles or  i s  limited by 
openings. 

diffraction. The deviation of the direction of 
energy flow of a wave, not attributable to re- 
flection and/or refraction, when it passes an 
obstacle, a restricted aperture, or other inho- 
mogeneities in a medium. 

direct wave. A wave propagated over an  
unobstructed ray path from a source to  a point. 
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direction of polarization. Of an elliptically 
polarized wave, the direction of the major axis 
of the electric vector ellipse. 

direction of propagation. At any point in a 
medium, the direction of the time-averaged 
energy flow. See: Poynting vector. 

dispersion (of a wave). The variation of the 
phase velocity with frequency. 

dispersion relation. The functional relation- 
ship between t>e angular frequency, o, and the 
wave vector, k , for waves in a source$ee 
medium. For a dispersionless medium, k is 
linearly proportional to o. 

dispersive medium. A medium where the 
phase velocity depends on frequency. 

Doppler effect. For an observer, the apparent 
change in frequency of a wave when there is 
relative motion between the source and the 
observer. 

Doppler spre€d see: spread, Doppler. 

ducting. Guided propagation of radio waves 
inside a tropospheric radio duct. See also: 
atmospheric radio duct and tropospheric 
duct 

E layer. An ionized layer in the E region. The 
ionization within the E region is  highly 
correlated with the incident solar flux. 
Therefore, the normal E layer is present only 
during daytime. 

E region. The region of the terrestrial 
ionosphere between about 90 and 150 km 
altitude. 

edge diffraction. Diffraction by a transverse 
obstacle with a relatively sharp profile, located 
between the transmission and reception 
points. Diffraction over a very sharp profile is 
frequently called knife-edge diffraction. 

effective radius of the earth. An effective 
value for the radius of the earth that  is used 
in place of the geometrical radius to correct 
approximately for atmospheric refraction 
when the index of refraction changes linearly 
with height, and the rays propagate nearly 

8 

parallel to  the earth (with low grazing angles). 
Note: Under conditions of standard refrac- 
tion, the effective radius of the earth is 8.5 x lo6 
meters, or 4 3  the geometrical radius. 

electric displacement d). Same as: electric 
flux density. 

electric field 3). The electric force that acts 
on a unit electric charge independently of the 
velocity of that charge. 

electric field strength ( ). The magnitude of 
the electric field at a point in the field. Note: 
This term has  sometimes been called the 
electric field intensity, but  such use is 
deprecated, since intensity connotes power in 
optics and radiation. 

electric flux density d). A vector quantity 
related to the charge displaced within the 
medium by an electric field. The electric flux 
density is that  function whose divergence is 
the charge density. Note :  Using phasor 
notation,the electric flux density is given by: 

where 3 is the electric flux density, E is the 
permittivity in the medium, and 2 is the 
electric field. In an isotro ic medium, E is a 
scalar and-3 is parallel to 8. In an anisotropic 
medium, E is a tensor and 'd and 3 are not 
necessarily parallel. 

electrical length. For a wave of a given 
frequency, a distance between field points, 
expressed in wavelengths of the wave in the 
medium. Note: The electrical length is some- 
times expressed in radians or degrees. 

electromagnetic field. A time-varying field, 
associated with the electric or magnetic forces 
and described by Maxwell's equations. 

electromagnetic pulse (EMP). A transient 
high-intensity electromagnetic field. EMP is 
commonly associated with nuclear explosions 
in or near the Earth's atmosphere; however, 
electromagnetic pulses can arise from other 
sources, such as  lightning. 

electromagnetic spectrum. The spectrum of 
electromagnetic radiation, consisting of: gam- 
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