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ABSTRACT

For about five years, considerable effort was devoted at this
laboratory to the exploitation of the digital computer as a means for
simulating ionospheric radio propagation and associated signal process-
ing. Stress was placed on simulation of oblique propagation at HF by
the most practical means, engineering the programs to achieve economical
operation. The computer processes consist mainly of ionospheric struc-
tural analysis and coding, raytracing, and the subsequent use of ray
trajectory data to simulate the operation of complete ionospheric radio

systems.

This report summarizes the conclusions which have been drawn from
the work, including much technical data, some programming details, and
hopefully some insight into the optimum methods for doing this work.
Also, there is a considerable amount of information inherently contained
in these data which bear on the understanding of the propagation simu-
lated. Many applications of raytracing are discussed, and many useful
programming or plotting techniques are described, some for the first
time. Finally, a number of plotted examples are given to show what can
be achieved by these methods and to illustrate selected aspects of

ionospheric propagation.
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Fig. 1. RAYS AND REFRACTIVE INDEX LEVELS AT 4, 5, AND
8 MHz.
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g. 2. EXAMPLES OF CALCULATED RAYPATHS IN A CHAPMAN )
LAYER.
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Fig. 3. RAYPATHS IN A TWO-LAYER IONOSPHERE.

5 this tcchnique, whereby ray trajectories are stored on cards (called
4 "raysets") which are used as data for subsequent programs. The coding
scheme, which involves one punched card per hop per ray, permits large

families of computed rays to be used over and over as data for new and
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(b) Experimental record: 0855, 22 October 1964

Fig. 21. A SIMPLE METHOD FOK SIMULATING SWEEP-FREQUENCY BACKSCATTER
STRUCTURE .
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Fig. 23. MODEL ILLUSTRATING THE "SHAPE CODE" FOR CODING
LOCALIZED IONOSPHERIC DISTURBANCES.

Figure 23 then shows the assembled model with an extra flat sheet
laid on top to emphasize the circular outline of the whole structure. In

the digital computer code, we would have a parabola every 1 km instead of

every 10 km as illustrated in the model, but it was not practical to con-

struct this entirely. However, one can see that, if we did indeed have a

:v Plexiglas parabola for each kilometer of height, the circular outline
5
& would be obvious without the necessity for emphasis provided by the top
/
R plate in Fig. 23.
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K and 220;
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‘j; (d) all the parabolic levels;
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. electron density and the
- models are rectangular
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4 ' Fig. 24. STAGES IN THE ASSEMBLY OF THE MODEL.
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Figp. 58, ANDMALOUS RAYS WHICH TRAVEL
A 1ONG DISTANCE (a) Fortuitou
bending which just satches oart
curvature, (b) trapping Letween
E and ¥ layers at 2 Mz, and
{c) the same trapping at 6 Wiz
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(c) subset from 8 to 10°, and

FINDING THE FRONTS BY COMPUTING SUBSETS OF THE RAYS.
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