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Medium Freguency Sky-Wave Field Strength

Predictions for Australia.

by J.M. DIXON,

Prepared from a very large number of measurements made at
Melbourne, Brisbane and Perth; these predictions are intended for use in
broadcast service planning to estimate the extent of secondary service
areas and the extent of sky-wave limited primary service areas, where such
a limitation is not self imposed. In terms of the chosen statistics, the

accuracy of measurement -exceeded that required for planning purposes.

Figures 1, 2 and 3 show the hourly median field strength
exceeded on 50% and 10% of the nights of a year at the second hour after
sunset for an unattenuated field strength of 100mV/m at 1 mile in the
direction of propagation and at the pertinent angle of departure for one

hop E propagation.

The corresponding field strength exceeded for 10% of the time
over & period of one hour (E1O), sometimes referred to as the hourly 10%

gquasi meximum, may be obtained by adding 5db to the hourly median value

(F50). |

Figure 1 relates to the period of low sunspot activity (annual
mean Zurieh sunspot number 10) for paths which are predominately north-—south.
Figure 2 relates to the period of high sunspot activity (annual mean Zurich
sunspot number 180) for paths which are predominately north-south. Figure 3
relates to the period of low sunspot activity (annual mean Zurich sunspot
number 20) for paths which are predominately easi-west.

Corrections given'in figurev3 should be applied to field strength
predictions from figures 1 and 2, to compensate for the transmitting aerial

vertical radistion pattern. A further factor is required for the unattenuated
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E.d which will depend upon the transmitting aerial input power, height,
efficiency, and any variation in the horizontal polar pattern. Typical

values for non~-directional aerials are given in tables 1, 2 and 3,

The variation of sky-wave field strength over a complete
sunspot cycle is not known precisely., Sky=wave field strength recordingsy
made in Australia over an appreciable proportion of one sunspot cycle show
a minimum éé R2>100, The relation between sky-wave field strength and sunspot
number is therefore not necessarily linear, It is not known whether sky-wave

field strength variations are the same from one sunspot cycle to another,

According to the data from which these predietions are

prepared, there is no discernible variation of field strength with frequency
within the medium frequency band. However, fading characteristics vary
appreciably with frequency, distance and time, As a general rule, the fading
rate increases with increase in frequency and decreases with increase

in distance., On rare occasions, particularly rapid and deep fading has been
observed .on short paths (less than 600 miles) for fregquencies abo%e about
'IOOOKc/s. This type of fading may persist for several hours at a time,
Pigure 6 shows the median fading rate as determined from recordings made
during three months in 1964, These values do not include the low amplitude

rapid fading sometimes evident in recordings.

Interpretation of Predietions

When applied to individual cases these predictions may be in

error for the following reasons =

1, The random variation from night to night which produeces a

1 J .M. DIXON "Some Medium Frequency Sky-Wave Measurements', Proc. I.R.E.
Australia, June, 1960,
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standard deviation of 2db over z period of one month for

measurements made at a particular time of night.

2, The variation which occurs from hour to hour throughout
the night,

3. The seasonal variation which produces a standard deviation
of 2.5db for measurements made at the second hour after

sunset,

4. The variation which occurs from site to site in the one
locality. For reception in an urban area, this variation
can be negligible at one fresuency and up to +6db at another
frequency, redictions in figure 1 were developed from
measurements processed in such x way that this variztion was
eliminated, Figure 1 therefore refers to the field strength
exceeded at 50% of locations, An additional increase in field
strength of 6db may occur where the receiving aerial is in

very close proximity to domestic electriy, wiring.

Predictions in this report are not applicable to reception

sites with sea wgter in the foreground,
5. The variation between sunspot minimum and sunspot maximum,

6, All other variations, These produce a standard deviation

in annual median values of 1db,

The type of variation ﬁentioned in items 2 and 3 above can be
ééen in figure 5 which shows the hourly median field strength exceeded at
50% of lrcations on 50% of the nights of a month in db relative to the hourly
median field strength exceeded at 50% of locations on 50% of the nights of a
year (4pril 1964 - March 1965) at the second hour after sunset, Figure 5 may
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be used in eonjunetion with the predictions given in figure 1 to determine

the field strength at any time of night and in any month during the period

of low sunspot activity. When figures 1 and 5 are used in this manner, the
predietions will be more aeccurate for a distanee of 430 miles than for a

distanee of 1000 miles,

~ Apparently the seasonal variation is not completely eonsistent
- for year to year. Tield strength troughs and peaks are repeated from one
year to the‘next but the month of gppearance is not necessarily the same,
Consequently a mush betier eorrelation exists between the results from two
stations measured over the same path in one year than between the results

for a single station from one year to the next,

Except for the periods of rapid inerease in Tield strength after
sunset and rapid fall in field stfsngth before sunrise, the standard error
of field strength eontours in figure 5 is 0,7db.

Figure 1 has been prepared from annual median values corrected
from B=27 to R=10 in accordance with measursments of 2UW and 26B made during
the‘peiiod March 1963 ~ March 1965, It may therefore be necessary to
modify figure 1 slightly when all the recordings made in 1964 and 1965 are
analysed. Figure 5 should also be regarded as being tentative with respect
to frequencies and distances other than those for which it is strictly correct
(1110Ke/s, 870Ke/s and 430 miles),




v DEFINITIONS

Hourly median field strength =~ The field strength exceeded for 506 of

the time during a eontinuous period of one hour,

Unattenuated E,d -~ The produet of field strength and distance in the
absence of ground losses for that section of the path beyond
half a wavelength from the transmitting aerial, If field
strength measurements are made close tc the transmitting aerial
(between 0,5 and 4.0 miles) and the product of field strength and
distance is plotted against distance, points 8o obtained will be
found to fall around an appropriate ground wave x distance curve
whieh when projected back to zero distance gives the unattenuated
E.d. -

Seeond hour after sunset = Two hours after ground level sunset at the path

midpoint, In the case of long east-west paths involving a dominant
two hop mode, the time referred to is two hours after ground lesvel
sunset at the western control peint, Field strengths referred to
in this report are those for a period of one hour centred on the
time indiecated except during periods of rapid change immediately
following sunset and preceding sunrise when a quarter hour.

interval is more appropriate,

Fading rate - The number of times an increasing field strength passes
through the median value over a period of one hours




Figure 1.

Figure 2

Figure 3

, LEGEND TO FIGURES

Hourly median field strength exceeded atl 504 of locations on
50% and 10% of the nights of a year, at the second hour after
sunset, -

Unattenuated E,d = 100wV/m.mile,

North - south paths,

Annual mean Zurich sunspot number 10,

Hourly median field strength exceeded on 50% and 10% of the

nights of a year at the second hour after sunset,
Unattenuated E.d = 100mV/m,mile,

North - south paths,

Annual mean Zurich sunspot number 180,

Hourly median field strength exceeded on 50% and 10% of the
nights of a year at the second hour after sunset, The
nuttber of paths investigated was not sufficient to obtain an
accurate prediction over the dashed section,

Unattenuated E.d = 100mV/m.mile.

East ~ west paths,

Annual mean Zurich sunspot number 20,




Figure 4

Figure 5

Figure 6

/

Correction factors to eompensate for the vertical radistion pattern
of the transmitting aerial, These factors should be applied to the
field strength predicted in figures 1 and 2,

Field strength varistion with time of night and month of the year.
Contours show the hourly median field strength excesded at 50% of
locations on 50% of the nights of a month, in db above the hourly
median field strength exceeded at 50% of locations on 50% of the nights
of a year (4pril 1964-March 1965) at the second hour after sunset,
The values shown are accurate for quasi longitudinal transmission on a

path of 430 miles for transmission frequencies in the range 800 Kc/s

.to 1200Kc/s. Dashed lines show the times of sunset and sunrise,

Median fading rate {per hour) determined from recordings made in

1964,
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' Addendum to
Australian Broadcasting Control Board Technical Report No.28

Australian Broadcasting Control Board Technical Report
No.28 was prepared when the analysis of field strength recordings made
between April 1964 and April 1965 was incomplete. Consequently figure
1 of that report was regarded as being tentative, and is now replaced
by figure 1A which has been prepared after considering field strength
data for the period April 1963-April 1965. The (E50)50 curve of
figure 1 has not been altered, as the additional annual median
values were dispersed around this curve. The (E50)10 curve of
figure 1 has been altered in accordance with results obtained in
the period April 1964-April 1965. A significant reduction in the
variance of hourly median field strength values occurred from
sunspot maximum to sunspot minimum for measurements made at the second
hour after sunset, with samples taken over a period of one year.
Alterations to the (ES0)10 curve of figure 1 were necessary due to
the continued reduction in the dispersion of measurements.

Figure 1B shows the hourly median field strength exceeded
on 50% and 10% of the nights of a year at 2330 hours for an unattenuated
field strength of 100 mvﬁ; at 1 mile in the direction of propagation
and at the pertinent angle of departure for ome hop E propagation.

Figures 1A and 1B relate to the period of low sunspot
activity (annual mean Zurich sunspot number 10) for paths which are
predominately north-south. Annual median values (E50)50 for 2330
hours display a variation with frequency which is not present in the
early evening results. It is now realised that the general variation
of field strength throughout the night is a function of season,
transmission frequency and distance. The detemmination of this variation
will complete the statistical analysis of recordings made in the 1963~
1965 measurement campaign.

Corrections given in figure 4 of Technical Report No.28
should be applied to field strength predictions from figures 14 and
1B, to compensate for the transmitting aerial vertical radiation
pattern. The inverse of this correction was applied to measured
field strengths from which the basic prediction values were derived. '
Corrections in figure 4 are considered to be adequate for this purpose
except where the transmitting aerial environmment departs significantly
from that of the stations used in the sky-wave measurement campaigns.
Most of these transmitting sites have a ground conductivity between
5x 10~14 e.m.u. and 10 x 1014 e.m.u.




Figure 1A.

Figure 1B.

Legend to Figures

Hourly median field strength exceeded at 50% of
locations on 50% and 10% of the nights of a
year, at the second hour after sunset.
Unattenuated E. 4 = 100 mV/m. mile.
North-south paths.

Annual mean Zurich sunspot number 10.

Hourly median field strength exceeded at 50% of
locations on 50% and 10% of the nights of a
year; at 2330 hours.

Unattenuated E. d = 100 mV/m. mile.
North-south paths,.

Annual mean Zurich sunspot number 10,
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Basic prediction values prepared from the data contained in table 2
and the dispersion of measured values.

Distance (Eio)go 50)10

miles EID _PH, R = 180 - EID |28y, R =180

North-south propagation.
400 0.41 Multiply values in the first
_ column by 1.675.

450 0.415

550 . 0.42

600 | 0.42

650 , 0.415

700 0.405

750 0.39

800 0.375

850 0.36

900 0.34

950 0.32

1000 0.295




