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Radio Wave Propagation

absorption. The irreversible conversion of the
energy of an electromagnetic wave into
another form of energy as a result of wave
interaction with matter.

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 that 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-
ant.

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.

Alfvén velocity (V,). The characteristic
velocity of an Alfven wave; given by:

V,=H, [%]1/2

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

Alfvén wave. In a homogeneous magneto-
ionic medium, the magneto-hydrodynamic
wave that 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 (). Of a sinusocidal
wave, 2n times the frequency. The angular
frequency is also called the radian frequency.

antenna temperature. The temperature of a
black body that, 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 in 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 (c/). 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 are fre-
quently present.

backscatter. The scattering of waves back
toward the source.

bandwidth, coherent; dispersive bandwidth.
Same as: frequency selective bandwidth.
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bandwidth, frequency selective. The inverse

_of the product 2ro;, where o, 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.
Note: 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: ordinary wave
and extraordinary wave.

circularly polarized 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 to the angular
frequency of the wave. See also: left-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(&},1)]. The expected
value of the product of a component of the
complex field (F,) at a given location (¥) and
time ¢ and the complex conjugate of that field
component (F.*) at a different location (7 +
At) and time (¢t + 1):
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R(AT 1) = [Fo(P,1) F *(7 + AT, £ + 7))

Notes: (1) This definition assumes that 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 (o). A macroscopic material
property that relates the conduction current
density (J) to the electric field (E) in the
medium. For a monochromatic wave in a
linear medium, that relationship is described
by the (phasor) equation:

J=5.E

where o, the conductivity, is a tensor,
generally frequency dependent and is in
phase with E. For an isotropic medium, the
tensor conductivity reduces to a scalar
conductivity.

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.

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 to the unwanted signal
level in the same receiver channel when the
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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 (Lp). 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:

T,~12
Lp=6.9 [E]

where T, is the electron temperature, and N, is
the electron number density.

decorrelation distance. The direction-depen-
dent distance over which the mutual coherence
function falls to 1/e of its maximum value.
Also called correlation length.

decorrelation time (1,). The time required for
the mutual coherence function to decay to 1/e of
its maximum value.

defocusing. The failure of rays to converge.

diffracted wave. An electromagnetic wave
generated when an incident wave encounters
one or more obstacles or is 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 the angular frequency, o, and the
wave vector, k, for waves in a source-_gree
medium. For a dispersionless medium, %k is
linearly proportional to w.

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 spread. 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
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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 106
meters, or 4/3 the geometrical radius.

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

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

electric field strength (IB)). 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:

B=¢-E

where D is the electric flux density, £ is the
permittivity in the medium, and is the
electric field. In an isotropic medium, ¢ is a
scalar and D is parallel to E. In an anisotropic
medium, € is a tensor and D and E 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
electromagneticradiation, consisting of: gam-
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ma rays, wavelengths shorter than 0.006 nm;
X rays, 0.006 to 5 nm; ultraviolet rays, 5 nm to
0.4 pm; visible light, 0.4 to 0.7 um; infrared,
0.7 pym to 1 mm; radio, greater than 0.1 mm.

See also: radio spectrum.

electromagnetic waves. Waves characterized
by temporal and spatial variations of electric
and magnetic fields. Electromagnetic waves
are known as radio waves, infrared waves,
light waves, etc., depending on the frequency.

electrostatic wave. In a plasma, the type of
wave whose restoring force is electrostatic.
The associated electric field and particle
velocity is in the direction of propagation with
accompanying charge density fluctuations.

elevated duct. A tropospheric radio duct in
which the lower boundary is above the surface
of the Earth.

elevation angle. Complement of the angle of
incidence. See also: grazing angle.

ELF. Extremely low frequency. 3 Hz to 3 kHz.
See: radio spectrum.

elliptically polarized (electromagnetic) wave.
An electromagnetic wave for which the locus
of the tip of the electric field vector is an ellipse
in a plane orthogonal to the wave normal.
This ellipse is traced at the rate equal to the
angular frequency of the wave. See also: left-
hand polarized wave; right-hand polarized
wave.

emissivity. The ratio of power (per unit
surface area, per unit solid angle, per unit
bandwidth) radiated by a material body to the
power radiated by a black body at the same
temperature.

EMP. See: electromagnetic pulse.

enhanced solar radiation. The electromag-
netic radiation of the sun under other than
quiet conditions. See also: quiet sun.

envelope delay. The time of propagation of
the envelope of a wave between two points
provided that the envelope is not significantly
distorted. Same as: group delay. See also:
group velocity.
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equiphase surface. Any surface over which the
field vectors of a wave have the same phase.

EHF. See: extremely high frequency.

evanescent field. An electromagnetic field for
which the the phase is everywhere the same (no
spatial variation) and the amplitude decays
exponentially as one moves away from a
boundary. An evanescent field is a special
case of an inhomogeneous plane wave.

extragalactic radio waves. Radio waves from
beyond our galaxy. See: cosmic noise.

extraordinary wave ( X wave). The magneto-
ionic wave component in which the electric
vector rotates in the opposite sense to that for the
ordinary wave component. See: ordinary
wave.

extremely high frequency (EHF). 30 to
300 GHz. See: radio spectrum,

F region. The region of the terrestrial
ionosphere from about 150 km altitude to about
1000 km,

F1 layer. The lower of the two ionized layers
normally existing in the F region in the day
hemisphere.

F2 layer. The single ionized layer normally
existing in the F region in the night hemi-
sphere and the higher of the two layers
normally existing in the F region in the day
hemisphere.

fade depth. The ratio, generally expressed in
decibels, of a reference signal power to the
signal power during a fade.

fade duration. The time interval during
which a signal is below a reference value.

fading. The temporal variation of received
signal power caused by changes in the
transmission medium or path(s).

fading range. The ratio of maximum signal
to minimum signal during fading, usually
expressed in dB. Often the fading range is
specified over a range of percentages. For
example, the 5% to 95% fading range is the
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ratio of the signal exceeded 5% of the time to
that exceeded 95% of the time.

fading rate. The average number of fades
occurring per unit time,

fade slope. The time rate of change of the
signal power during a fade, expressed in
dB/second.

fading spectrum. The spatial or temporal
frequency spectrum of a fading signal.

Faraday rotation. The rotation of the polariza-
tion ellipse of an electromagnetic wave as it
propagates in a magneto-ionic medium.

fast wave. An electromagnetic wave propagat-
ing close to a boundary with a phase velocity
greater than that of a free wave which would
exist in an unbounded medium with the same
electromagnetic properties. See also: slow
wave,

field strength. Same as: radio field strength.

focusing. The concentration of electromag-
netic energy into a smaller region of space.
See also: defocusing.

forward scattering. Scattering of an electro-
magnetic wave into directions that are at acute
angles to the average direction of propagation
of the original wave.

FOT. Initials for the French phrase, “Fre-
quence Optimum de Travail” [Optimum
Working Frequency (OWF)]. Applies to iono-
spheric propagation. See also: optimum work-
ing frequency. Note: The FOT is estimated as
0.85 of the predicted monthly median maxi-
mum useable frequency (MUF).

free space. Free of obstructions and char-
acterized by the constitutive parameters of a
vacuum.

frequency. Of a periodic oscillation or wave,
the number of identical cycles per second,
measured in hertz.

frequency selective fading. Fading that
affects unequally the different spectral
components of a radio signal.

10
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Fresnel ellipse, ellipsoid. (1) The locus of
points for which the sum of distances from two
antennas is an integral number of half
wavelengths greater than the length of the
direct ray between the two antennas. The
antennas are at the focal points of the set of
ellipses, ellipsoids.

(2) For a ground-reflected ray, the Fresnel
ellipse is the locus of points in the ground
plane for which the sum of the distances from
the two antennas is an integral number of half
wavelengths greater than the length of the
specularly reflected ray.

Fresnel zone. In general, any surface or
region bounded by adjacent Fresnel ellipses or
ellipsoids. For instance, any plane through
both antennas will intersect Fresnel ellipses
and define Fresnel zones in that plane. Any
plane normal to the ray path between antennas
will define a series of circular (annular)
Fresnel zones.

galactic radio waves. Radio waves originat-
ing in our galaxy.

gravity wave. See: acoustic-gravity wave.

grazing angle. The complement of the angle
of incidence for large angles of incidence.

ground wave. From a source in the vicinity of
the surface of the Earth, a wave that would exist
in the vicinity of the surface in the absence of
an ionosphere. Note: The ground wave can be
decomposed into the Norton surface wave and
a space wave consisting of the vector sum of a
direct wave and a ground-reflected wave.

group delay. Same as: envelope delay.

group path length. For a pulsed signal travel-
ing between two points in a medium, the
product of the speed of light in vacuum and the
travel time of the pulse between the two points,
provided the shape of the pulse is not signifi-
cantly changed.

group velocity. Of a traveling wave, the veloc-
ity of propagation of the envelope, provided that
the envelope moves without significant change
of shape. The magnitude of the group velocity
is equal to the reciprocal of the rate of change of
phase constant with angular frequency.
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guided wave. A propagating wave whose en-
ergy is concentrated within or near bound-
aries between media having different elec-
tromagnetic properties.

gyro-frequency (fg). The lowest natural
frequency at which charged particles spiral in
a fixed magnetic field. It is given by

|B|

fa=q 2nm

where q is the charge of the particles, | B/ is the
magnitude of magnetic flux density, and m is
the mass of the particles.

height gain. In tropospheric propagation, the
ratio of the electromagnetic field modulus at a
given point to that of the field at another height,
at the same location, selected as a reference
height. This ratio is generally expressed in
decibels and may have a negative value.

high frequency (HF). 3 to 30 MHz. See: radio
spectrum.

homogeneous plane wave. A wave in which the
planes of constant amplitude and constant
phase are parallel. Note: Homogeneous plane
waves are sometimes called uniform plane
waves.

horizontally polarized wave. A linearly
polarized wave whose electric field vector is
perpendicular to the plane of incidence.

hydromagnetic wave. See: magneto-hydrody-
namic wave. Use of the term hydromagnetic
wave is deprecated.

ideal conductor. See: perfect conductor.

ideally conducting medium. See: perfect
conductor,

ideal dielectric. See: perfect dielectric.

impedance, intrinsic. For a monochromatic
(time harmonic) electromagnetic wave propa-
gating in a homogeneous medium, the ratio of
the complex amplitude of the electric field to
that of the magnetic field. Note: The intrinsic
impedance of a medium is sometimes referred
to as the characteristic impedance of the
medium.

e
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incidence angle. See: angle of incidence.

incident wave. A wave that impinges on a
discontinuity in refractive index or a medium
of different propagation characteristics. The
incident wave is the total field in the absence
of the discontinuity.

incoherent scattering. Scattering produced
when an incident wave encounters random
fluctuations of complex dielectric constant.
The fluctuations may be either discrete or
continuous (turbid or turbulent in the case of
scattering from atmospheric refractive index
fluctuations). The scattered fields exhibit
random variations in phase and amplitude.

inhomogeneous plane wave. A wave for which
the planes of constant amplitude and planes of
constant phase are not parallel. Sometimes
called a heterogeneous plane wave, but this use
is deprecated.

instantaneous frequency. 1/(2n) times the
time rate of change of phase of a wave.

intrinsic impedance. See: impedance, in-
trinsic.

ionogram. A record showing the group path
delay of ionospheric echoes as a function of
frequency.

ionosonde. A swept-frequency or stepped
frequency instrument that transmits radio
waves vertically or obliquely to the ionosphere
and uses the echoes to form an ionogram.

ionosphere. That part of a planetary atmo-
sphere where ions and free electrons are
present in quantities sufficient to affect the
propagation of radio waves.

ionospheric wave. See: sky wave.

Jansky. A unit of spectral power flux density:
10-26 times one watt per square meter per hertz.

knife-edge diffraction. See: edge diffraction.

lateral wave. A wave excited at and
propagated along the interface of two (possibly
lossy) dielectric media when the source is in
the medium with the larger refractive index.
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For sufficiently large distances from the
source, the amplitude of the wave varies as the
inverse square of the distance measured along
the interface.

leaky wave. An electromagnetic wave asso-
ciated with a fast wave guided along a surface.
The wave radiates (“leaks”) energy continu-
ously as it travels along the surface and thus
decreases exponentially in the direction of
propagation. Note: Leaky waves may be
created by periodic as well as uniform, open
guiding structures.

left-hand polarized wave. A circularly or
elliptically polarized electromagnetic wave
for which the electric field vector, viewed by
an observer (at the source) looking in the di-
rection of propagation, rotates counterclock-
wise in space. Thus, a left-handed helical
antenna radiates a left-handed polarized
wave.

limiting polarization. The resultant polariza-
tion of a wave after it has emerged from a
magneto-ionic medium.

linearly polarized wave. An electromagnetic
wave for which the locus of the tip of the electric
field vector is a straight line in a plane
orthogonal to the wave normal.

LOF. See: lowest observed frequency.

lowest observed frequency (LOF). In iono-
spheric sounding, the lowest radio frequency
at which echoes can be detected or observed
with a particular equipment.

lowest useful frequency (LUF). For sky-wave
signals in the MF/HF spectrum, the lowest
frequency effective under specified conditions
for ionospheric propagation of radio waves
between two points. Note: The lowest useful
frequency is a system-dependent parameter
and is determined by factors such as iono-
spheric absorption, transmitter power, anten-
na gain, receiver characteristics, type of ser-
vice, and noise conditions.

low frequency (LF). 30 to 300 kHz. See: radio
spectrum,

LUF. See: lowest useful frequency.
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M-unit. A unit in terms of which the refractive
modulus of the troposphere is expressed. See
also: refractive modulus. Example: If the
refractivity, N, is such that (N + 108 h/a) = 400,
then the refractive modulus is said to be
400 M-units, or 400 M.

magnetic constant. See: permeability of free
space (l,).

magnetic field (ﬁ). For time harmonic
fields in a medium with linear and isotropic
magnetic properties, the magnetic flux density
divided by the permeability of the medium.

magnetic field strength (H| ). The magnitude
of the magnetic field vector H.

magnetic flux density B). A vector field that
acts on moving charges (g) such that the force
per unit charge (?) is equal to the vector (cross
product of the velocity v of the particle and
the magnetic flux density:

E:;XE’
q

magnetic induction. Same as magnetic flux
density. Use of the term magnetic induction is
deprecated.

magnetic loss angle. For a pure sinusoidal
wave, in a magnetically isotropic medium, the
angle defined by the equation

fm= tan'l (&’;)

where p” and pu’ are the values of the
imaginary part and the real part, respectively,
of the complex permeability.

magnetic storm. A disturbance of the Earth's
magnetic field, generally lasting one or more
days, and characterized by significant
changes in the strength of this field.

magnetizing force (ﬁ). Same as: magnetic
field.

magneto-hydrodynamic wave. A low-fre-
quency wave in an electrically highly con-
ducting fluid (such as a plasma) permeated by
a static magnetic field. The restoring forces of
the waves are, in general, the combination of a
magnetic tensile stress along the magnetic
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field lines and the compressive stress between
the field lines and the fluid pressure (for
example, an Alfvén wave).

magneto-ionic medium. An ionized gas that
is permeated by a fixed magnetic field.

magneto-ionic wave component. At a given
frequency, either of the two characteristic
plane electromagnetic waves that can travel
in a homogeneous magneto-ionic medium
without change of polarization. Note: These
characteristic waves are also called the ordi-
nary and extraordinary wave components.

magnetopause. The outer boundary of a
planetary magnetic field.

magnetosphere. The region of a planetary at-
mosphere where the magnetic field, as modi-
fied by the solar wind, controls the motions of
charged particles. Note: The Earth's magne-
tosphere includes part of the F-region of the
terrestrial ionosphere up to the magnetopause.

magneto-telluric current. A current induced
in the Earth by time-varying magnetic fields
of external origin.

magneto-telluric fields. Electric and mag-
netic fields induced in the earth by external
time-varying sources.

maximum observed frequency (MOF), In
ionospheric sounding, the highest radio fre-
quency at which echoes can be detected or
observed with a particular piece of oblique
incidence sounding equipment.

maximum usable frequency (MUF). The
highest radio frequency that can be used for
reliable communication between two points
under specified conditions by means of
reflection from the regular layers of the
ionosphere. Notes: (1) Where the MUF is
restricted to a particular ionospheric mode of
propagation, the values may be quoted together
with an indication of that mode. For example,
2F2 MUF represents the MUF for the second
reflection from the F2 layer. (2) If the
extraordinary wave is involved, then this is
noted. For example, 1F2 MUF (x). Absence of a
specific reference to a magneto-ionic compo-
nent implies that the quoted value refers to the
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ordinary wave. (3) The ground range for
which the MUF applies is indicated in
kilometers following the indication of the
mode type (for example, 1F2 (4000) MUF).

mesosphere. That part of the Earth's atmo-
sphere, located above the stratosphere, in which
the temperature decreases with increasing
height. The mesosphere extends to an altitude
of around 85 km, where the temperature
reaches a minimum value.

mesopause. The upper boundary of the
mesosphere.

medium frequency (MF). 300 kHz to 3 MHz.
See: radio spectrum.

micropulsation. Small amplitude fluctuations
(usually less than 106 of the Earth's magnetic
field with periods on the order of seconds or
minutes. Note: These fluctuations usually
result from magneto-hydrodynamic waves in
the magnetosphere.

mixing ratio (of water vapor). The ratio of the
mass of water vapor to the mass of dry airin a
given volume of air. This ratio is generally
expressed in grams per kilogram.

mode. A characteristic solution to the wave
equation for specified boundary conditions.
Other uses of the term mode are common. See:
mode of propagation, ionospheric.

mode of propagation, ionospheric. Represen-
tation of a transmission path by the number of
hops between the end points of the path, the
ionospheric layers producing the ionospheric
reflections being indicated for each hop.
Example: 1F + 1E represents a hop with an
ionospheric reflection in the F region followed
by a reflection at the ground, followed, in turn,
by a hop with a reflection from the E region.

modified index of refraction. In the tropo-
sphere, the sum of the refractive index at a
given height h above the mean local surface
and the ratio of this height to the geometrical
mean radius of the Earth.

MOF. See: maximum observed frequency.

MUF. See: maximum usable frequency.
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multipath transmission (propagation). The
propagation phenomenon that results in sig-
nals reaching the receiving antenna by two or
more paths. When two or more signals arrive
simultaneously, wave interference results.
The received signal fades if the wave interfer-
ence is time varying or if one of the terminals
is in motion.

mutual coherence function. See: coherence
function.

N-units. See: refractivity.

non-deviative absorption. See: absorption,
non-deviative.

Norton surface wave. A guided electromag-
netic wave produced by a source over or on the
ground. It is the non-geometrical optics com-
ponent of the ground wave. See also: ground
wave.

O wave, Same as: ordinary wave.

oblique-incidence ionospheric sounding. See:
sounding.

obstacle gain. The ratio, in dB, of the elec-
tromagnetic field at a point in the vicinity of
an obstacle (but not on the obstacle), to the field
that would occur in the absence of the obstacle.

optimum working frequency (OWF). The
frequency that is exceeded by the operational
MUF on a given skywave path at a given time,
during 90% of a specified period, usually a
month. The OWF frequently is estimated as
0.85 times the median value of the MUF for the
specified time period. The OWF is also called
the FOT.

ordinary wave (O wave). That characteristic
magneto-ionic wave component deviating the
least, in most of its propagation character-
istics, from those expected for a wave in a non-
magnetized plasma of the same density. Note:
For vertical incidence, the ordinary wave is
reflected near the height at which the plasma
frequency is equal to the wave frequency when
the effects of collisions are negligible.

orthogonal polarization. (1). For linear polar-
ization, the (linear) polarization perpendicu-
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lar to the reference (linear) polarization.

(2) For circular polarization, the (circular)
polarization with the opposite sense of rotation.
(3) For elliptical polarization, the polarization
state with the same axial ratio, opposite
rotation sense and major axis perpendicular
to the reference polarization.

parallel polarization. The polarization of a
wave for which the electric field vector lies
parallel to the plane of incidence. Note:
Sometimes called vertical or transverse
magnetic (TM) polarization, in optics it is
called “p” polarization.

Pedersen ray. The upper ionospheric ray in
oblique-incidence propagation.

penetration depth. For a given frequency, the
depth at which the electric field strength of an
incident plane wave, penetrating into a lossy
medium, is reduced to 1/e of its value just
beneath the surface of the lossy medium. Note:
The penetration depth, also called the skin
depth, is equal to the reciprocal of the
attenuation constant in the lossy medium.

penetration frequency, oblique incidence
propagation. For a given angle of incidence,
the lowest frequency that just penetrates the
ionosphere.

penetration frequency, vertical incidence
propagation. See: critical frequency.

perfect conductor; ideal conductor; perfectly
conducting medium; ideally conducting
medium. A medium for which the conductiv-
ity is infinite. In a perfect conductor, the total
electric and magnetic fields are identically
zero regardless of the exciting source.

perfect dielectric. A dielectric medium in
which the conductive and dielectric losses are
identically zero. Also: ideal dielectric.

perfectly conducting medium. See: perfect
conductor.

permeability, complex (i). A macroscopic
material property of a medium that relates the
magnetic flux density, B, to the magnetic
field, H, in the medium. For a monochromatic
wave in a linear medium, that relationship is



TERMS FOR RADIO-WAVE PROPOGATION

described by the (phasor) equation:

2 = 2

B=fi-H

where ', the complex permeability, is a tensor
that is generally frequency dependent. For an
isotropic medium, the tensor reduces to a
complex scalar:

p=u-ju”

where {1 is the real part of the permeability and
W~ accounts for losses.

permeability of free space (u,). A scalar
constant such that, in vacuum, its product with
the magnetic field H is equal to the magnetic
flux density B:

= =
B=wH

The numerical value of p, is 4n x 107
henry/meter.

permeability, relative complex. The complex
permeability of a medium normalized to the
free space permeability.

permittivity, complex (¢). A macroscopic
material property of the medium that re-
lates the electric field, E to the electric flux
density, D, in the medium. For a monochro-
matic wave in a linear medium, that
relationship is described by the (phasor)
equation:

D=¢.E

where €, the complex permittivity, is a
complex-valued tensor, generally frequency
dependent. For an isotropic medium, the
tensor reduces to a complex scalar:

e=¢ -je”

where £’ is the real part of the permittivity and
¢” accounts for losses.

permittivity, free space (g,). A scalar constant
such that in vacuum, the product of €, and the
electric field, E, is equal to the electric flux
density.

6=EOE
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The numerical value for €, is 8.854 x 10-12
farad/meter.

permittivity, relative complex (g,). The com-
plex permittivity, of a medium normalized to
the free space permittivity, €.

perpendicular polarization. The polarization
of a wave for which the electric field vector lies
perpendicular to the plane of incidence. Note:
Sometimes called horizontal or transverse
electric (TE) polarization; in optics, such a
wave is said to be “s” polarized.

phase constant (). The magnitude of the phase
vector.

phase path. For a monochromatic electromag-
netic wave, the product of the phase constant
and the physical path length. Note: In a slowly
varying spatially inhomogeneous medium,
the phase path length equals the line integral
of the real part of the phase vector along the ray
path.

phase vector (3). Of a propagating wave, the
vector in the direction of the wave normal,
whose magnitude is the phase constant. See:
wave normal.

phase velocity (vp). Of a monochromatic
uniform plane wave, the velocity of an
equiphase surface along the wave normal.

phasor notation. For monochromatic fields,
the complex notation used in the expressions
for field quantities with the exponential time
factor exp(jo t]. For example, for plane
waves

E(F ) =Re EF,0) exp(-jl_e’-—r’) exp(jot))

where €(7,t) is the instantaneous electric
field, Re indicates the real part, and E(?,m)
exp(-jk - 7) is the phasor notation for the elec-
tric field.

photo-ionization. Ionization of atoms or
molecules caused by electromagnetic radia-
tion such as ultraviolet radiation or X rays.

plane of incidence. The plane containing the

normal to the surface of a boundary and the
phase vector, B, of the incident wave.
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plane wave. A wave whose equiphase surfaces
form a family of parallel planes.

plane wave exponential factor. The factor
exp( Jk 7) in the phasor expression for plane
wave fields, where K is the wave vector and T
is the position vector.

plane wave, uniform. A plane wave in which
the planes of constant phase and amplitude are
parallel. Same as: homogeneous plane wave.

plasma. A macroscopically neutral assembly
of charged and possibly also uncharged
particles. Note: A plasma is said to be cold if
the thermal effects of charged particles on
dynamic processes in the plasma can be
neglected for the particular problem involved.
It is said to be hot (or warm) if the thermal
effects are not negligible.

plasma frequency (fn). A natural frequency
of oscillation of charged particles in a plasma
given by:

()2 = @y 2 DL Ng® e

where ¢ is the charge per particle, m is the
particle mass, N is the particle number
density, and g, the permittivity of free space.
Note: For electrons, with fy in hertz and N in
electrons per cubic meter:

(f)%=80.6 N

plasmapause. The outer boundary of the plas-
masphere, characterized by a steep decrease of
the plasma density.

plasma sheath. A layer of charged particles, of
substantially one sign, that accumulates
around a body in a plasma.

plasmasphere. The ionized region of the
topside ionosphere, toroidal in shape, that
encircles the Earth around the equator and
that follows the rotation of the Earth. Note: In
the equatorial plane, the plasmasphere extends
to a distance of 3 to 7 Earth radii, depending on
local time and geomagnetic activity.

plasma waves. Electrostatic waves associated
with a “warm” plasma, giving rise to density
and velocity fluctuations.
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polar cap. Polar region bounded by the auroral
zone.

polar cap absorption, (PCA). The intense
absorption of radio waves in the polar cap
caused by the arrival of high-energy solar
protons, concentrated in this region by the
lines of force of the Earth’s magnetic field.

polarization. Of an electromagnetic wave,
the locus of the tip of the electric field vector
observed in a plane orthogonal to the wave
normal. See:linearly, circularly, and
elliptically polarized waves. See also: parallel
and perpendicular polarization.

polarization coupling loss. That part of the
transmission loss due to the mismatch
between the polarization of the transmitted
wave and the propagation medium or between
the polarization of the incident waves and
the polarization of the receiving antenna, or
both.

power density. Of a traveling wave, the time
average of the Poynting vector.

power flux density. Same as: power density.

power reflectance. Same as: power reflection
coefficient. Use of the term “power re-
flectance” is deprecated.

power reflection coefficient; power reflection
factor. The ratio of the power flux densities of
the reflected and incident waves in the
corresponding directions of propagation, at a
point close to a reflecting surface.

Poynting vector, instantaneous i(t,?). Of an
electromagnetic wave, the vector product of the
instantaneous electric an_(} magnetic field
vectors. The integral of ?(t r) over a surface is
the instantaneous electromagnetic power flow
through the surface.

Poynting vector, time-averaged ®). Of a
periodic electromagnetic wave, the time
average of the instantaneous Poynting vector
over the wave period. For time harmonic
waves, it is equal to (1/2) Re (Ex ﬁ*) where Re
indicates the real part, E and H are the electric
and magnetic field vectors in phasor notation,
and * indicates the complex conjugate.
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precipitation scatter. Tropospheric scattering
caused by precipitating rain, hail, or snow
particles.

propagation constant (B). The magnitude of the
phase vector.

pmpagationvector(? ). For a traveling time-
harmonic wave, the complex vector whose real
part is the attenuation vector and whose
imaginary part is the phase vector. See also:
wave vector.

quiet sun. The sun in the absence of any
unusual electromagnetic activity.

radian frequency. See: angular frequency.

radar astronomy. The branch of astronomy
uses uses radar to study astronomical objects.

radio astronomy. The branch of astronomy
dealing with the reception and analysis of
radio waves from extraterrestrial sources.

radio field strength. The electric or magnetic
field strength at a radio frequency.

radio frequency. A frequency in the radio
spectrum.

radio horizon. The locus of points at which the
direct rays from a point source of radio waves
are tangent to the surface of the Earth. Note: In
general, the radio and geometric horizons
differ because of atmospheric refraction.

radio interferometer. A type of radio telescope
that uses two or more physically separated col-
lecting elements in order to achieve high an-
gular resolution of the brightness temperature
distribution of a radio source.

radio source. In radio astronomy, a celestial
object or region that emits radio waves.

radio spectrum. The radio frequency portion
of the electromagnetic spectrum. The fre-
quency ranges are: ultra low frequency
(ULF), lower than 3 Hz; extremely low
frequency (ELF), 3 Hz to 3 kHz; very low
frequency (VLF), 3 to 30 kHz; low frequency
(LF), 30 to 300 kHz; medium frequency (MF),
300 kHz to 3 MHz; high frequency (HF),
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3 to 30 MHz; very high frequency (VHF),
30 to 300 MHz; ultra high frequency (UHF),
300 MHz to 3 GHz; super high frequency
(SHF), 3 to 30 GHz; extremely high frequency
(EHF), 30 to 300 GHz; Submillimeter, 300 GHz
to 1 THz.

radio telescope. An instrument used to detect
and collect radio emissions from an object or
region in space.

radio wave. An electromagnetic wave of radio
frequency. Current usage includes frequen-
cies up to 1 THz.

radio wave propagation. The transfer of
energy by electromagnetic radiation at radio
frequencies.

rain rate; rainfall rate. A measure of the
volume of water collected per unit area per
unit time due to rain. The common unit
is millimeters per hour. Note: Precipita-
tion rate may refer to other hydrometeors
such as snow, in which case the common
units are either millimeters per hour or
equivalent rainfall rate in millimeters per
hour.

random medium. A medium in which the
spatial variations of permittivity, discrete
and/or continuous, are best described in terms
of statistical measures.

random surface. A boundary surface, between
two different but otherwise homogeneous
media, whose height fluctuations are best
described in terms of statistical measures.

range of a radio system. The maximum dis-
tance for which a radiowave transmitting
system, with specified installation and oper-
ating conditions, produces a usable field
strength at a specified radio receiver installa-
tion.

ray. The path of a wave packet or energy
flow in a homogeneous or a slowly varying
medium. Notes: (1) Energy transport (per unit
area) is generally associated with bundles of
rays. (2) In isotropic, slowly varying, media
the ray path is identical to the path of the wave
normal, but this may not be the case in
anisotropic media.
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Rayleigh criterion. A criterion that charac-
terizes the roughness of a surface with respect
to the reflection of an electromagnetic wave.
The degree of roughness is expressed in terms
of the quantity:

h cos O
A

where 2 is the rms height of the surface
irregularities, 6 is the angle of incidence with
respect to the mean surface, and A is the
wavelength. The surface is considered
specular (smooth) if

hcos® 1
A <100
The surface is considered rough if

hcos@ 1
A 10

reciprocity. In wave propagation, the invari-
ance of the complex amplitudes of the received
signals to the interchange in location of
transmitter and receiver. Note: Reciprocity
applies provided that the transmission
medium is isotropic and that the antennas
remain in place with only their transmit and
receive functions interchanged.

reference atmosphere for refraction. See:
standard atmosphere for refraction.

reflectance. Usage deprecated. See: power
reflection coefficient.

reflected wave. For two media, separated by a
planar interface, that part of the incident wave
which is returned to the first medium. The
direction of propagation of the reflected wave
is given by Snell’s Law.

reflection, specular. The process by which part
of a wave, incident on a plane surface, is
returned to the original medium in accor-
dance with Snell's Law.

reflection (diffuse). See: scattering, diffuse.

reflection coefficient (or factor). The ratio of
the phasor value of a given component of the
electric or magnetic field of a reflected wave to
that of the corresponding component of the
incident wave, at a point close to a specularly
reflecting surface.
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refracted wave. For two media, separated by
an infinite planar boundary, that part of the
incident wave that travels from the first
medium into the second medium. The direc-
tion of propagation of the refracted wave is
given by Snell's Law. Also called: transmit-
ted wave.

refractive index (M). The ratio of the phase
velocity in free space to that in the medium.
Note: The refractive index is the real part of
the complex refractive index.

refractive index, complex. A dimensionless
complex quantity, characteristic of a medium
and so defined that its real part is the ratio of
the phase velocity in free space to the phase
velocity in the medium. The product of the
imaginary part of the refractive index and the
free space propagation constant is the attenua-
tion constant in the medium.

refractive modulus. In the troposphere, the
excess over unity of the modified index of
refraction, expressed in millionths. It is
represented by M, and is given by the
equation:

M=+ hla - 1)108

where a is the mean geometrical radius of the
Earth, and n is the refractive index at a height,
h, above the local surface.

refractivity. The amount by which the real
part of the refractive index exceeds unity.
Refractivity is often measured in parts per
million called N-units.

refractivity profile. The height dependence of
refractivity in the atmosphere.

refractometer. An instrument used to measure
the refractive index of the atmosphere.

relative humidity with respect to water (ice).
The ratio, expressed as a percentage, of the
water vapor pressure in moist air to the
saturation vapor pressure with respect to a
plane pure water (ice) surface at the same
temperature.

resonance. (1) In an oscillating system, the
rapid increase or decrease of the oscillation
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amplitude as the excitation frequency ap-
proaches one of the natural frequencies of the
system.

(2) Of a travelling wave, the change in
amplitude as the frequency of the wave
approaches or coincides with a natural fre-
quency of the medium (for example, a plasma
frequency).

right-handed polarized wave. A circularly
or an elliptically polarized electromagnetic
wave for the electric field vector, viewed by
an observer (at the source) looking in the
direction of propagation, rotates clockwise in
space. Thus, a right-handed helical antenna
radiates a right-hand polarized wave.

rough surface. An irregular surface separat-
ing two media. See: Rayleigh criterion.

scattered wave. An electromagnetic wave that
results when an incident wave encounters:
a) one or more discrete scattering objects,
b) a rough boundary between two media, or
¢) continuous irregularities in the complex
permittivity of a medium.

scattering. A process in which the energy of a
travelling wave is dispersed in a direction by
means other than reflection and refraction.

scattering coefficient. (1) The scattering
cross-section per unit illuminated area of a
surface expressed in square meters per square
meter and usually designated o°.

(2) The scattering cross-section per unit
volume of a medium containing discrete
scatterers or random variations of refractive
index. It is expressed in meters squared per
cubic meter and is often designated o,. Note:
The scattering coefficient may be monostatic
(backscatter) when the transmitter and
receiver are co-located, or bistatic, when they
are not.

scattering cross-section. The projected area
required to intercept and isotropically radiate
the same power as a scatterer (target) scatters
toward the receiver. The scattering cross-
section is calculated from the relationship:
lim (IE, P
o= 4TCR2——S—
B [ (IE; 1)
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where R is the distance between the scatterer
and the receiver, ( |E[2) is the mean of the
squared amplitude of the scattered electric
field at the receiver, ( |E; 12) is the mean of the
squared amplitude of the incident electric
field at the scatterer, and the incident field is
assumed to be planar over the extent of the
target.

scintillation. The phenomenon of fluctuation
of the amplitude of a wave caused by irregular
changes in the transmission path or paths with
time. See also: fading. Note: The term
scintillation is sometimes used to describe
fluctuations of phase and angle of arrival.

selective fading. See: frequency selective
fading.

sferics. See: atmospherics.

shadow region. The region in space that,
because of an intervening obstacle, cannot be
reached by an incident ray.

SHF. See: super high frequency.

short-wave fade-out. See: sudden ionospheric
disturbance (SID).

signal decorrelation time. Same as: decor-
relation time.

silent zone. Part of the skip zone at a distance
greater than the range of the ground wave.

skin depth. Same as: penetration depth.

skip distance. For a given frequency, the
minimum distance at which the sky wave
is returned to the earth. Note: That given
frequency is the maximum usable frequency
for the skip distance.

skip distance focusing. Ionospheric focusing
observed in the vicinity of the skip distance.

skip zone. An area of the surface of the Earth
surrounding a transmission point bounded by
the skip distance in each direction.

sky wave. A radio wave propagated obliquely
toward, and returned from, the ionosphere.
Note: This term has sometimes been called an
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ionospheric wave, but the term “ionospheric
wave” is intended to connote internal waves
in ionospheric plasmas.

slow wave. An electromagnetic wave propa-
gating close to a boundary with a phase
velocity less than that which would exist in an
unbounded medium having the same electro-
magnetic properties. See also: fast wave.

solar activity. The emission of electromag-
netic radiation and particles from the sun,
including slowly variable components and
transient components caused by phenomena
such as solar flares.

solar activity center. A region on the sun in
which are located the sources of variable
electromagnetic radiation and corpuscular
radiation.

solar activity index. A number characterizing
solar activity, such as: international relative
sunspot number, twelve-month running mean
sunspot number, monthly mean solar radio-
noise flux.

solar cycle. The magnitude of slowly varying
components of solar activity as a function of
time. The solar cycle has a period of approxi-
mately 11 years. Note: The cycle is not sym-
metrical. 1t rises to a maximum in approxi-
mately 4 years and declines to a minimum in
approximately 7 years.

sounding, active. Remote sensing of atmo-
spheric or ionospheric parameters by trans-
mission and reflection of radio signals.
Radio systems used in this manner are called
sounders.

spectral power density. Power per unit band-
width, in watts per Hertz.

spectral power flux density. The power density
per unit bandwidth in watts per square meter
per Hertz.

spectrum, angular. An electromagnetic field,
that is source-free in the homogeneous half
space z > 0, can be represented in this half
space by a superposition of plane waves. The
complex amplitude of these plane waves, as a
function of their direction cosines, constitute
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the angular spectrum. Notes: (1) The direction
cosines are defined by k./k and k,/k where k,
and &y are the x and y components of the wave
vector k. (2) The angular spectrum is the
Fourier transform of the field in the planez =0
or any other plane z = constant > 0.

spectrum, angular power. The mean squared
amplitudes of the plane wave spectrum of an
electromagnetic field as a function of the
direction cosines k./k and k,/k constitute the
angular power spectrum. Note: The angular
power spectrum and the mutual coherence
function are Fourier transform pairs.

spherical diffraction (propagation). Trans-
horizon propagation due to diffraction by the
spherical surface of the Earth, or more gener-
ally by any rounded obstacle that is extremely
large in relation to the wavelength.

spherical wave. A wave with equiphase
surfaces that form a family of concentric
spheres.

sporadic E layer (Es layer). An ionospheric
layer of the E region that is thin, transient,
and of limited extent.

sporadic ionization. Ionization of the upper
atmosphere, irregularly distributed in space
and time, and abnormally high relative to the
average ionization level of the region in which
it is produced.

spread F. A phenomenon observed on iono-
grams displaying a wide range of delays of
echo pulses, near the F region critical
frequencies.

spread, delay. See: time delay spread.

spread, Doppler (G3). The Doppler spread of a
propagation channel is the spreading in the
frequency domain of the power spectrum of a
transmitted monochromatic wave. Note: The
Doppler spread is inversely related to the
decorrelation time (t,):

Oy, = (2m1o)?
spread, time delay (o;). Time delay spread is a

measure of the differential propagation times
due to multipath propagation. Specifically, it is
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the rms width of the signal received when a
very narrow pulse has been transmitted. Note:
The time delay spread is inversely propor-
tional to the frequency selectivebandwidth (f3):

or = @nfy!

spreading factor. For propagation in isotropic
unbounded media, that amplitude factor that
accounts for geometric spreading of the field
intensity. Note: In the far field region of
plane, cylindrical, and spherical waves, this
factor is 1, r'/2 and r! respectively, where r is
the distance from the source to the observation
point.

standard atmosphere for refraction. An
atmosphere for which the refractivity is
determined by the equation:

N(h) = 315 exp (-0.136 h)

where h is the altitude in kilometers above
mean sea level. Note: The standard atmo-
sphere for refraction is almost identical to the
standard radioc atmosphere up to a height of one
kilometer.

standard propagation. The propagation of
radio waves over a smooth, spherical earth of
uniform dielectric constant and conductivity,
under conditions of standard refraction in the
atmosphere.

standard radio atmosphere. An atmosphere
whose vertical refractivity gradient is equal to
the standard refractive index gradient.

standard radio horizon. The radio horizon
corresponding to propagation through the
standard radio atmosphere.

standard refraction (radio waves). The re-
fraction that would occur in an atmosphere in
which the refractive index decreases uni-
formly with height above the earth at the rate of
39 x 10 per meter. Standard refraction may be
included in propagation calculations by using
an effective earth radius of 8.5 x 108 meters or
4/3 the geometrical radius of the earth.

standard refractive index gradient (standard
N gradient). A standard value of vertical gra-
dient of refractivity, namely 39 N/km, used in
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studies of the refraction of radio waves in the
troposphere. Note: This value corresponds,
approximately, to the median value of the
gradient in the first kilometer of altitude in
temperate regions.

standard refractive index modulus gradient
(standard M gradient). The value of vertical
gradient of refractive modulus that corre-
sponds to the standard refractivity gradient
(+117 M units per kilometer).

standing wave. A wave in which, for any
component of the field, the ratio of its in-
stantaneous value at one point to that at
any other point does not vary with time. A
pure standing wave results from the in-
terference of two oppositely directed travel-
ing waves of the same frequency and
amplitude.

stratopause. The upper boundary of the
stratosphere.

stratosphere. That part of the Earth’s at-
mosphere located above the troposphere, in
which the temperature remains constant or
increases slightly with increasing height.
The stratosphere extends to a height of around
50 km.

sub-refraction. Refraction for which the verti-
cal gradient of refractivity is greater (less
negative) than the standard gradient of
refractivity.

sudden ionospheric disturbance (SID). An
ionospheric disturbance with a duration of a
few minutes to a few hours, characterized by
the sudden increase in the ionization of the D
region in the daylight hemisphere as a result
of a solar flare.

super high frequency (SHF). 3 to 30 GHz. See:
radio spectrum.

super-refraction. Refraction for which the
vertical gradient of refractivity is less (more
negative) than the standard gradient of
refractivity.

surface duct. An atmospheric radio duct for
which the lower boundary is the Earth's
surface.
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surface impedance. For a monochromatic
electromagnetic wave incident on a surface
separating two media, the complex ratio of the
total orthogonal electric to magnetic field
components tangent to the surface. The sur-
face impedance is taken as having a positive
real part.

surface, specular. A planar interface sep-
arating two media.

surface wave. A wave guided by an interface
between two different media. A surface wave
is generally characterized as a slow wave
having a magnitude that exponentially de-
creases with distance from the interface.

system loss ( Lg). Of a radio system, the ratio
of the input power to the terminals of the
transmitting antenna to the available output
power at the terminals of the receiving an-
tenna. Usually expressed in dB as a positive
number.

TEM wave. See: transverse electromagnetic
wave.

temperature inversion (in the troposphere). An
increase of temperature with height in the
troposphere.

thermosphere. That part of the Earth's atmo-
sphere located above the mesosphere in which
temperature increases and then remains
constant with increasing height and from
which there is virtually no further escape of
particles to free space. The thermosphere
extends to an altitude of 500 to 600 km.

topside ionospheric sounding. Vertical inci-
dence ionospheric sounding made from an
artificial Earth satellite above the height of the
maximum electron density of the F region.

total electron content (TEC). The total number
of free electrons in a tube (generally with a
vertical axis) of unit transverse cross-section
passing through the ionosphere.

transhorizon tropospheric propagation. Tropo-
spheric propagation between two points close to
the ground, the reception point being beyond
the radio horizon of the transmission point.
Transhorizon propagation includes a variety
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of possible propagation mechanisms such as
diffraction, scattering, refraction and reflec-
tion. See also: tropospheric scatter propa-
gation.

transmission loss (L). Of a radio system, the
ratio of the power radiated from the transmit-
ting antenna to the resultant power that would
be available from a loss-free (but otherwise
identical) receiving antenna.

transmitted wave. (1) For a wave incident
upon the boundary surface between two media,
that part of the wave that enters the second
medium from the first medium. See: refracted
wave,

(2) The wave launched by a transmitting
antenna.

transverse electric (TE) wave. An electro-
magnetic wave in which the electric field
vector is everywhere perpendicular to the
direction of propagation.

transverse electromagnetic (TEM) wave. An
electromagnetic wave in which both the elec-
tric and magnetic field vectors are every-
where perpendicular to the direction of propa-
gation.

transverse magnetic (TM) wave. An electro-
magnetic wave in which the magnetic field
vector is everywhere perpendicular to the
direction of propagation.

traveling ionospheric disturbance (TID).
A localized disturbance in the electron den-
sity distribution propagating in the iono-
sphere.

tropopause. The upper boundary of the tropo-
sphere.

troposphere. The lower part of the Earth's
atmosphere, situated immediately above the
surface of the Earth and in which the tempera-
ture decreases with increasing altitude except
in certain local temperature inversion layers.
The troposphere extends to an altitude of
around 9 km at the poles and 17 km at the
equator.

tropospheric radio duct. See: atmospheric
duct.
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tropospheric layer. An elevated portion of the
troposphere having radio propagation proper-
ties that are clearly distinguished from those
of the surrounding atmosphere. Horizontal
dimensions are generally in excess of 100 km,
and vertical dimensions are of the order of
1 km.

tropospheric propagation. Propagation within
the troposphere.

troposcatter. See: tropospheric scatter propa-
gation.

tropospheric scatter propagation (troposcatter).
Propagation of radio waves through the atmo-
sphere caused by scattering from inhomogeni-
ties in the refractive index of the troposphere.
Note: Troposcatter enables propagation beyond
the radio horizon.

tropospheric wave. A radio wave that propa-
gates in the troposphere.

turbulence. Random movements within a lig-
uid or gaseous medium inducing heteroge-
neous values of certain characteristics of the
medium.

turbulence, scale of. A length representative of
the average size of the irregularities of a
specified property of a medium subject to
turbulence.

ultra-high frequency (UHF). 300 MHz to
3 GHz. See: radio spectrum.

uniform plane wave. See: homogeneous plane
wave.

vertical polarization. Same as: parallel
polarization.

very high frequency(VHF). 30 to 300 MHz.
See: radio spectrum.

virtual height. The apparent height of reflec-
tion of a radio wave from an ionized layer.
It is determined from the time interval be-
tween the transmitted pulse and the iono-
spheric echo at vertical incidence, assum-
ing that the velocity of propagation is the
velocity of light (in vacuum) over the entire
path.
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very low frequency (VLF). 3 to 30 kHz.
See: radio spectrum.

volume scattering. Scattering from inhomo-
geneities distributed throughout a volume. The
inhomogeneities can be discrete particles or
structures, or spatial variations in a continu-
ous refractive index.

waveguide. Metallic or dielectric structures,
usually uniform in the longitudinal direction,
that are capable of guiding waves.

wave interference. The variation of wave
amplitude with distance or time, caused by the
superposition of two or more waves of the same
(or very nearly the same) frequency. Note:
If the waves have very nearly the same
frequency, they are said to “beat with each
other.”

wavelength. Of a monochromatic wave, the
distance between two points of corresponding
phase of two consecutive cycles in the direction
of the wave normal. The wavelength, A is
related to the magnitude of the phase velocity,
vp, and the frequency, f, by the equation:

A=vpir

wave normal., Of a traveling wave, the
direction normal to an equiphase surface
taken in the direction of increasing phase.
See: direction of propagation.

wave tilt. Of a monochromatic electromag-
netic wave propagating near the interface
between two media, the complex ratio of the
electric (or magnetic) field component that is
tangent to the interface to that which is normal
to the interface, both field components lying in
the plane of propagation. Note: Wave tilt is
generally associated with ground wave propa-
gation over the Earth's surface.

wave vector, The complex vector % in expres-
sions for wave prgpa_gation using the exponen-
tial factor exp [-j(k - r)].

k= 3 -ﬁx’
where 3 is the phase vector, @ is the attenua-

tion vector, and —}3 = j k is the propagation
vector.
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whistler. A form of radio noise in the
ELF/VLF portion of the spectrum, usually
originating from lightning strokes and char-
acterized by a whistling tone of decreasing
pitch that may last for several seconds. Note:
Propagation of this noise is in the whistler
mode, which is strongly guided along the
Earth's magnetic field.

whistler mode. The propagation mode of any
right-hand polarized electromagnetic wave
propagating along a magnetic field line in a
plasma at a frequency less than the electron
gyrofrequency but greater than the ion
gyrofrequency.

X wave. Same as: extraordinary wave.



