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TONOSPHERIC INFLUENCES

A radio vave is specified in terms of five paraneters : its amplituds, phase,
direction of propagation, polarisation and frequency. The ioncephers wmodifies
these parameters as follows:

Refraction

The change in direction of propagation rasulting from the traverse of a thin
slab of constant ionisation is given approximately by Bouger's law in terms of
the refractive index and the angle of incidence; a more exact specification must
include the affects of the Earth's magnetic field. The refraccive index is a
function of the alectron density and electron-collision frequency, together with
the strength and direction of the Earth's magnetic field, the wave dirsction and
the wave frequency. The dependence om fraquency leads to wave dispersion of
wodulated signals. Since the ionosphere is & doubly-refracting medium it can
transait two waves with different polarisations, Tha refractive indices
appropriate xo the two waves differ, Refraction is reduced at ths greater vave
fraquencies.

Change in phase-path length

The phase-path length is given approximately as the integral of the tefractive
index with respect to the ray-psth length. Ignoring spatisl gradients, the
change in phase-path length introduced by passage through the ionosphers to the
ground of signals at VHF and higher fraquenciss 1is proportional to the
total-electron content. This is the number of slactrons in a vertical column of
unit croas section.

Group delay

The group and phass velocities of a wave differ because the ionosphere 1s &
disparsive wedium, The ionosphers reduces the group velocity and introduces a
group delay wvhich for cransionospheric signals at VHF and higher frequencies,
like the phase-path change, is proporticnal to the total-electron content.

Polarisation

Radio waves propagating in the fonosphere are split into characteristic ordinary
and extraordinary waves. In general these are ellipticelly polarised, che
polarisation sllipess have the sans axial ratic, orientations in space that are
related such that under many conditions they are approximately orthogonal, and
slectric vectors which rotate in opposite directions. The polarisation sllipses
are lsss elongated the greater the wava frequency. Ths phase paths of the
ordinary and extraordinary wave components differ, so thet in the cass of
trans-ionospheric signals when these components have comparable amplitudes, the
plane of polarisation of their resultant alovwly rotates. The effect is known as
Faraday rotation.

Absorption

Absorption arises from {nelsstic collisions betwaen the free electrons,
oscillating under the influetice of the Incident radio wave, and the neutral and
ionised constituents of the atmosphere. The absorption experienced in a thin
slsb of fonosphars is proportionsl to the product of electron deneity and
collision fraquency, inversely proportional to the refractive index and
inverssly proportiomal to the square of the wave frequency., Normal absorption
is principally s daytime phenomenon. At frequencies below 5 MHz it is sometimes
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80 gteat as to completely suppress sffective propagation. The abscrptions of
the ordinary and extraordinary waves differ, with in the range 1.5-10 MHz che
latter being significantly greater.

Amplitude fading

Fading arises from wmovements or fluctuations in jonisation. The principal
causes are : variations in absorption, movements of irregulsarities producing
focusing and defocusing, changes of path length awong component eignals
propagated wvia multiple paths, and changes of polarisation, such as, for
example, due to Faraday rotstion. These various cases lead to different depths
of fading and a range of fading rates, The deepeat and most rapid fading occure
from the beating between two asignal components of comparable amplitude
propagated along different paths. In the tropics flutter fading leads to fading
rates of about 10 Hz but at temperate latitudes fading rates rarely exceed 1-2
Hz. e et ..

Frequency deviations

Awplitude fading is accompanied by associstad fluctuations in group path and
phase path, giving rise to time and frequency dispersed signals. When either
the tranamicter or receivar is woving, or thare are aystematic ionospharic
movements, the recaived signal 1is also Doppler- frequency shifted. Signals
propagated simultsnecusly vis different icnospheric paths ares usually recaived
with differing frequency shifts. PFrequency shifts for reflection from the
regular layers are ususlly less than ) Hz but shifte of up to 20-30 Hz have been
reported for scatter-mods signals at Jow lacitudes. Frequancy spreads at
mid-latitudes are a few tenths of a Hartx for sach propagation mods, but at high
latitudes on auroral paths total sprasde of ssvaral tens of Hert: can occur,

Reflection, scattering and ducting

Reflection may take place over a narrow height renge as at LF or rays may be
refracced over an appreciable distance in the ilonosphere as at HF. Weak
incohersnt scattering of energy occurs from random tharmsl fluctuations in
slectron density, and more efficiant asspect-sensitive scattering from
ionospheric irregularities gives rise to direct backscattered and forward-
scatter signals, Ducting of signals to great distances can take place at
heights of reduced ionisstion betwsen the E~ and F-regions, leading in soms
cases to round-the~world echoes, Ducting can also occur within regions of
field-aligned irregularities above the maximum of the F-region.

Scincillacion

Jonogpharic irregularities act as a phase-changing scresn on transionospheric
signale from sources such as Earth satellites or radio-stars. This screen gives
rise to diffraction effects with smplitude, phase and angle-of-arrival
scintillations.

COMBATING TECHNIQUES

At HF there are nesda to improva the performance of radiotelephony and
radiotelegraphy circuits, both by better system design and with better operating
procedures, Objectives wust include the integration, via asutomatic comtrol,
with other circuits of the gensral telecomsunications network,

V]

e T

o



|

!

]

.I Divereity

P

Diversity wystems provide a wmeans of {improving reception quality. Space
diversicy 1is moat common, but other forms auch as polarisation diversity,
fraquency, time and wvave-arrival-angle diversity can all have merit. Channels
may be switchad or combined, for example by linear or quadratic addition, The
optimum configuration depends on the received asignal characteristics and there
is scope both for improving the spacification of these and for determining which
systems perform best. For example, optimum separations in space, frequency or
time under different conditions remain to be quantified.

Frequency sgilicy

Thers are particular advantages, excapt for sound broadcasting where flexibility
is denied, in introducing real-tima channel evaluation techniquea. These can
form part of the communication link or be iwplemented independently. They may
involve low-power idle tones or consist of coded tranamigsions sent from the
-normal receiving =mite to the transmitter containing information on channel
occupancy, as in the CHEC system opersted over air-ground links. Otherwise, use
can be made of oblique-path sounders which sweep the whole HF band. The early
hopes of limited networks of soundera providing information to control large
numbers of circuits have not been fulfilled, largely because of the extreme
spatial variability of the ionosphere; the optimum way ahead 1s not clear,
Certainly with wmicroprocessor control, £requency-agile systems can now be
implemented fairly readily.

Error-correction coding

There 1s much work in progress in the study of error control techniques
providing forward error correction., The need ie for error correcting codes
which detect ervors and sutomatically call for repetition (ARQ). Block codes
with = burst error correction capability, adaptive convolution codes and
soft-decision techniques are all under investigation.

Adaptive antennes

The use of directional antennas is clearly important to improved signal/noise
ratio. Addicionally, 1f unimode reception can thereby be achieved, this
provides some fading suppression, On the other hand there may be pgreater
advantages sometimes in interference rejection with adaptive recelving antennas
producing seteerable nulls., The next few years sees likely to see the
operstionsl exploitation of adaptive sntennas on practical radio circuita.

Variable data rates

Variable data-rate eystems, adapted to changing ionospheric conditions, are
expected tc be evolved. Although fixed data transmisaion rates of up to 2.4
kbit/s are now being used with differential phase shift keying, mention ahould
be made of the particular advantages of other modulatfon systema, Multi-
frequency shift-keying synchronous systems such as Plccolo provide very low
error rates without error coding, even for low signal/noise ratios., There is
current intereat in apread-spectrum techniques and a 300 bic/e system within a
3 kHz channel has been successfully implemented in Canada. Spread-spectrum
systems have the advantages of being resistant to narvowband interférence, and
immyne from selective fading, multipath interaymhol interference and Doppler
shifte. Further study of both narrovband and wideband prospective eystems seemn
desirable,
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In the Eield of radiotelephony there nre ohvious sdvantsges in the introduction
of band compression techniques involving 5SB with reduced or suppressed
carriera, both in order to provide greater interference rejection and so as to
minimive selective fading effects., Lincompex companders conaint of a compreseor
and expander linked by a control channel separate from the speech channel. With
the increasing use of vocoders for digttal telephony, the need 1is for optimum
syncompex systems involving a synchronised digital control channel,
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