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I. HOW CAN IONOSPHERIC PHYS8ICS HELF RADIO

PROPAGATION?

Ideally we would like to know the electron distribution N(h,t; lat,long)
everywhere and at all times. In principle we could then use radio
propagation theory to find possible paths, delay times, signal strength

Can we construct a ‘model ionosphere’for this purpose?

... Long-term variations (for frequency planning}

Short term forecasts (must depend on solar-terrestrial conditions)

We would like to use these models for:

... Designing real-time adaptive systems

This assumes the ionosphere at any place is

reproducible: (in LT, meonth

for any given solar and geophysical conditions §10.7, Kp, etc). [But
does the ionosphere depend also on ‘recent history’? And can we really

reproduce day-to-day variability?

II. MODELLING
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Empirical model deals with ‘What is ionosphere like?’ [not ’‘why’]

"+++# It does not require the physics to be known. It can usually be

reduced to programmable formulas.

#-—-# It probably has limited space-time resolution (especially 1if

constructed in terms of harmonic functions).

In the real ionosphere,

sharp boundaries (between different physical regimes) may be important
and may affect radio propagation, but are not usually well represented.

Physical model reguires equations to be solved:

Conservation of mass (continuity]:

anfet =
conservation of momentum [motion]:

fncliies efects of Earth's Fotolur, dav gt

Conservation of energy [thermal] ?Tlat
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gt More physically realistic, but difficult to compute;
#___# bpoundary conditions; contain many parameters, often poorly-Known
We need to understand the physics in order to set them up.

‘Hybrid’ empirical/physical models exist and may be useful.
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III. APPLICATIONES TO IONOSPHERIC LAYERS

Properties of the continuity eguation. When trying to explain
phenomenon, it is important to know which term in the continuity
equation is involved.
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Solar-terrestrial relations
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v. OUTSTANDING IONOBPHERIC PROBLEMS
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Fig.C Map of exospheric temperature in March & JSune | for _
high solar activity and quiet geomagnetic conditions, according
t0 the MSISE3 thermosphaeric modei by A.E. Hedin, .
Gecphys. Res., 88, p. 10170, 1983. Arrows show the
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approximate directions of the thermospheric winds.
of S.E.R.C. Rutherford Appleton Laboratory.)
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Fig. D (dealized siectron density profiles in the € and F1 I
igyers, with square-law loss coefficient and in the F2 iayer,
with linear loss coefficient. The effects of upward and
downward drift on the F2 peak are shown by dashed and
dotted curves, respectively. The sketches on the right show the
ion drift V produced by a horizontal wind U in the neutral

air, the vector B represanting the geomagnetic fisld (dip angile
. (a) Upward fisid-aligned drift is produced by & wind
biowing towards the magnetic equator; (b) downward drift is
produced by a wind blowing towards the magnetic pale. (From
Contemporary Physics. 14, p. 244, 1973, Taylor & Francis,). .
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Fig. E. The auroral oval and associated phenomena. View of ‘
the North Poiar region, centred on the magnetic pole. The
bottom of the diagram represents magnetic midnight, 00 MLT;
the 10D represents magnetic noon, 12 MLT: the ourer boundary
is at 50° magnetic lattude, the crosses being at magnetc
latitudes 80", 70°, and 60°. The outer ring represents the
plasmasphere (mid-latituce ionosphere) which co-rotates with
the Earth. The stippled ring represents the approximate locatian
of the hard ‘drizzle’ precipitation. The inner shaded ring is the
auroral oval, showing the approximate locations of the ‘cusp’
in the noon sector and the Harang discontinuity (HD) near
midnight. The fine lines represent typical flow lines of the
plasma convection pattern (some curves are laht incomoiete to
reduce congestion): note the stagnation point at 20 MLT. The
diagram corresponds roughly to moderate magnetic activity
(Xp = 3) with a southward 8, component of the interpianetary
magnetic fieid. ( Courtesy of S.E.R.C. Rutherford Appleton
Laboratory.)
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Fig. €. The auroral oval and associated phenomena. View of
the North Polar region, centred on the magnetic pole. The
hottom of the diagram represents magnetic midnight, 00 MLT;
the top represents magnetic noon, 12 MLY; the outer boundary
is at 50" magnetic latitude. the crosses being at magnetic
latitudes 8Q®, 70°, and 60°. The outer ring represents the
piasmasphere (rmud-latitude ionesphere) which co-rotates with
the Earth. The stippled ring represents the approximate location
of the hard 'drizzle’ precipitation. The inner shaded ring is the
auroral oval, showing the approximate locations of the ‘cusp’
in the noon sector and the Harang discontinuity (HD) near
midnight. The fine lines represent typical flow lines of the
plasma convection pattern (some curves are left incomplete to
reduce congestion); note the stagnation point at 20 MLT. The
diagram corresponds roughly to moderate magnetic activity
{Kp = 3) with a southward B, component of the interplanetary
magnetic fieid. { Courtesy of S.E.R.C. Rutherford Appileton
Laboratory.)
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Fig.C Map of exospheric temperature in March & J une., for
high solar activity and quiet gecmagnetic conditions, according
to the MSi583 thermospheric mode! by A E Hedin, /.
Gaophys. Res., 88, p. 10170, 1983. Arrows show the
approximate directions of the thermospheric winds. ( Courtesy
of S.E.R.C. Rutherford Appleton Laborstory.)
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Fig. D idealized electron density profiles in the E and F1
layers, with square-law loss coefficient; and in the F2 layer,
with linear loss coefficient The sffects of upward and
downward drift on the F2 peak are shown by dashed and
dotted curves, respectively. The sketches on the right show the
ion drift V produced by s horizontal wind U in the neutral

air, the vector B representing the geomagnetic field (dip angle
h. (a) Upward field-sligned drift is produced by a wind )
blowing towards the magnetic squator; (b) downward drift is
produced by & wind blowing towards the magnetic pole. (From
Contemporary Physics, 14, p. 244, 1973, Taylor & Francis.) -
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