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ANTENNA SELECTION FOR IONSOPHERIC TELECOMMUNICATION SYSTEMS

1. The HF propagation engineer is constantly faced with the
problem of antenna selection for particular communication cir-
cuits. The choice is usually not an easy one since these vari-
ables must be considered in making the final selection:

a. Size (height and ground area)

b. Directivity(power gain, front-to-back ratio, area of
coverage, take-off/arrival angles, etc.)

c. Siting (clearance, roughness factor, mutual coupling,
scattering, safety, EMI, EMH, etc.)

d. Cost (price, maintainability, predicted performance vs
communication requirement, etc.)

2. Generally, in ionospheric telecommunication system design,

the propagation engineer needs only concern himself with selecting

the electrical design parameters of the antenna which is predicted

to meet the user's requirements for type and grade of service. The
steps involved in making the selection may be as follows:

a. Determine the band of frequencies needed over the expected
life time of the circuit.

b. Determine the expected range of take-off/arrival angles
required to support the most probable ionospheric modes.

c. Establish the maximum path gain needed to meet the user's
requirement for type and grade of service. .

d. Select/design the antenna which meets the frequency,
directivity and gain requirements described above.

3. A typical example of these three circuit requirements displayed
in a convenient manner is shown in Figures 1 and 2 for an ionospheric
telecoounications circuit between Ankara and Rawalpindi. The cir-
cuit analysis is made using the USACEEIA Skywave Prediction Program
on the Fort Huachuca CDC 6500 computer. The analysis, as shown,

was made using the assumptions of an available transmitter power of
2 KN pep and isotropic radiator and receptor for the antennas. The
results of the analysisywhich was made for March, June, September

and December in a high (130) and low (10) sunspot number (SSN) years,

it .




pr—

show that June and December, and March and September represent the
extremes in the seasonal variation for this path for high and low
SSN, respectively.

4. At this point the propagation engineer must be able to select
an antenna to meet the requirements now depicted on the charts
similar to the examples shown in Figures 1 and 2. Guidance given
by the International Radio Consultative Committee* indicates that
dipole types of antennas (i.e., single elements, yagi, 1og periodic
arrays, etc.) are selected for paths generally less than 600 km or
393 miles. At greater ranges, long wire antennas tend to be more
advantageous although Tow angle of fire arrays of dipoles or verti-
cal elements may be superior at a greater cost. When one observes
generalized angles of arrival as a function of range, one can see
the logic in selecting the 600 km distance as the break point be-
tween high angle of fire antennas versus low angle of fire antennas.
Such a chart is shown in Figure 3. Using this generalized data,
the engineer can compute the optimum height of a horizontal dipole
element in order to have optimal gain at the required take-off/
arrival angle. A graph showing this information is given in Figure
4. Data shown in Figures 3 and 4 can be useful to the propagation
engineer in the rapid selection of antennas to meet the needs of
HF radio circuits of 600 km or less. For the intermediate and long
range paths more careful consideration must be taken. Charts such
as those shown in Figures 1 and 2 should be prepared. Long wire
antenna designs need to be developed around the three path require-
ments of: frequency band, take-off/arrival angle, and path gain.
These same variables can be used in selecting or specifying a com-
mercial antenna design.

*Handbook of High-Frequency Directional Antennae. Published by
the International Telecommunication Union, Geneva, 1966; pp. 52-60.
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Figure 1 HF Analysis Summary for the Path Between
Rawalpind{ and Ankara, Isotropic Antennas and
2 KW (PEP) for a High Sunspot Year (SSN = 130).
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