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Abstract

. - An analysis of ¥.h.f, field strength recdrdings for
propagetion beyond the horizon is presented, The study results from

measurements made to establish the interference field strength between

common channel television transmitters when the propagation path is
over undulating country without mountain ranges.

The received field strength is shown to be greater in
band I than in band III for points well beyond the horizon. There
is a marked depcndency of ficld strength and fading rate on meteor-
ological conditions up to an altitude of about 6000 fect, When

roposphgric layers (%% greater than normal) occur, there is a

simultaneous decrease in the fading rate and an incrcasc in field
strengths The effect of layer thickness, layer height and rate of
change of "dieclectric constant through the layer is shown.

Under standard atmospheric conditions the received fiecld
strength is found to agree well with that caleculated for diffraction
around thc earth and reflection from the troposphcre.

The average observed field strength exceeded for 104 of the

time Quring winter at points well beyond the horizon is found to agre
well with values extracted from F.C.C. and C.C.L.R, curves, but large

discrepancies occur in the casce of ficld strength values excecded for
= '50% of the time,
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Tropospheric Propagation at 6L.25 Mc/s, 183.25 Mc/s
! and 196.25 lc/s

1. Introduétion

In expanding the television service throughout Australia,
it has been proposed to limit the minimum geographical separation of
common channel television transmitters to not closer than 170 miles for
stations with an e.r.p. of 100 kw, though in most cases it is likely
that the separation will be in excess of 200 miles,

Under such spacing conditions mutual interference has been
observed and in recent years numerous theoretical studies and experi-
mental obscrvations have becn made of beyond the horizon transmissions
particularly by thosc interested in fixed point to point communication.

In this report an analysis is presented of television field .
Jrength recordings made at two locations beyond the geometrical horizon
in southern Australia, to determine co-channel interference field
strength characteristics,

2. The Recording Programme

Recordings were made at Gamperdown; 123 miles from the
transmitters at Mt. Dandenong from March 20th to May 20th, 1958 and at
Warrnambool, (162 miles) from May 22nd to July 20th, 1958.

' The acrial hceight at both sites was 30 feet above ground
level with an almost unobscured view towards the transmitters over
fairly flat country. The acrial employed was a commercial multi
channel television receiving aerial of the modified Yagi type.

: The picture carrier of each channel (ABV.2 6L4.25 Mc/s,
HSV.7 18& 25 Mc/s and GTV.9 196.25 Mc/s) was recordcd for approximately
oneé hour -three times per week. Tables 1 and 2 show the signals sxcceded
far 10% and 50% of the time. ‘

‘3;,Signd1 Characteristics

In some respects it is misleading to state average values
of fleld strength without giving the distribution which may be expected
about the mean. The results obtained in these tests show a large
variation from the mean with most of the observa*ions lying below the
mean (figure 2).

: On three octasions strong steady signals were observed
for periods of one or more hours at Camperdown. Very weak signals
were frequently observed at Warrnambool but thesc rarely disappeared
completely. There 1s some evidence to suggest that when high signal
conditions prevail, the increcase is more pronounced for channels 7 and
9 than for channcl 2. The ratiz of the 10% to 50% field strength has -
a mean value of 1.8 with & standard deviation of 0.3.
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In general a greater voltage is delivered to receivers by
transmissions on channel 2 than on channels 7 and 9 due to the larger
capture area of channel 2 aerials and the higher field strength at -
great distances.,

- Table 3 shows the mean field strength exceeded for 10% of
the time: compared with that given in C.C.I.R. Recommendation No. 111
London 1953, and values obtained from F.C.C. curves (Rules Governing
Radio Broadcast Services) on the basis of the following deviations of
effective radiated power from 100 kw in the direction of Camperdown
and Warrnambool.

Channel 2 - 1 db

Channel 7 + 2 db
Channel 9 - 2 db
Table 3
Location Channel Mean measured 10% field 104 field
10% Tield strength | strength FOCC | strength CCIR
100 kW €.P.D. 1O0KkW Gl Do 100 kW €eTeDo
Camperdown 2 L3 ab above 14 V/m | 38db above 37 db above
1uV/m 14 V/m
7 L2 36 33
9 L5 36 33
Warrnambool 2 31 ) 27 30
7 23 22 25
9 22 22 25

The average figure for chammel 7 measured at Camperdown is probably not

" characteristic value for even sampling as several channel 7 recordings
«ere discarded because of unreliable calibrations., Since these discarded
recordings were taken during periods of high field strength the figure

of 42 db above 1 #V/m is probably too low. , ' A

7 Plots of one channel against enother for results obtained
on the same night show better correlations for the Warrnambool recordings.
(figure 4}, '

L, Consideration of Meteorological Data

Regular radiosonde data is available for Laveriton which is
along the propagetion path near Melbournc. There is however a time
difference of about twelve hours between the vhf recordings and the
meteorological observations which were commenced at 0915 hrs. EST on
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- the day following the’ vhe recordings. Since changes in the troposphere
may be expected to occur in less than twelve hours and as the meteor—
ological conditions may be expected to differ along the radio rath, a
considerable spread of results is 1likely in any test for correlation.

. .. A preliminary study of the meteorological data showed that
the signal strength increased when a sharp drop occurred in the mixing
ratio with increase in height. At Iaverton this comparatively rapid
change in the amount of water vapour carricd by the airocours over a
layer thickness range of 300 feet to 2,300 feet, These layers occur
most freguently between 3,000 feet and 6,000 feet above sea level and
arec usually associated with subsidenece.

. In order to determine the reason for the improvement in vhf
propagation which occurs when such layers appear, the electrical
~“haracteristics of the atmosphere must be expressed in terms of the
..<teorological measurements,

6

F-1)an-1 =L22%10 (py + H80 P2, (1)
where k= dielectric constant
n = refractive index
T = absolute temperature .
P3 = partial pressure of air in millibars
Pp = wpartial pressure of water vapor in

millibars

The partial pressure of water vapour is given by

P, = 0.00161 P § (2)
... ‘where P = +the barometric pressure in millibars
S = the mixing ratio in gwkg.
Substituting in (1) we have : ,
n- 1= 795x10 " £ (147739 (3)

From appendix 1 we have

/) - _ 1 dn |

A T T n @ , (&)

where p is the radius of curvature of
the refracted ray while in the layer

= - since n >~ 1
an
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Pigures 5 and 6 show the 10% field strength plotted against the maximum
radius of curvature calculated from equation (5). Where no refraction
layer exists the average radius of curvature from ground level to about
6,000 feet is taken. A1l plots display a significant correlation
between the calculated radius of curvaturc of the refracted ray and, the
observed field strength. When layers occur with a thickness less than
700 feet the resulting field strength values show a tendency to be lese
than those obtained from thicker layers which produce the same radius

f curvaturec.

. - To assess the cffect of layer hcight the results have been
plotted for thick layers which produce approximately the same radius of
curvature (figure 7). The field strength at Warrnambool appears to be
almost independent of layer height although no results were obtained
for low layers giving & small radius of curvature of the refracted ray.

The Camperdown recordings show that provided a layer exists
which will give the refracted ray a radius of curvature less than
approximately 11,000 miles, the field strength depends upon the layer
height and to a first approximetion is independent of dn.

dh

- The ficld strength at points beyond the geometrical horizon
is therefore determined by the existence of a layer in the troposphere
in which the diclectric constant falls rapidly with increase in height.
In the absence of such a layer the 50% field strength of all threec
~hannels, at a distance of 123 miles, is close to that calculated Tor
Affraction around a smooth carth,. If the assumptions discussed in
Appendix I are made concerning reflections in the troposphere, the
received field strength is also close to that calculated for reflection
from the lower atmosphere. At a distance of 162 miles, the results
show considerably more dispersion but have a mean which is close to the
field calculated for reflection from the lower atmosphere. Table 5
shows the observed and calculated ficld strengths.

EX) ~05/o
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Table 5

Channel|Distance[Calculated field|Calculated | Field str~| Observed 50%
miles |for refledition diffrection | ength from| field strength
from the lower |field with | FGC curves| for 100kw eL.D.
atmosphere. No |refraction |F (50,50) [Mean of fiean
layer present. from a stan- obser- |value of
dard atmos= vations jall
phere, when no pbser-
&, _Lomne™ |100kw emp. |100 xw | a¥erS pations
: ©el'ePe | present
dn__ 1
dh I
: miles™
db above 1 uv/m |db above db above |db above| db above
1 uv/m 1 uv/m 1 uv/m 1 uv/m
2 123 26 28 26 27 38
7 "123 20 21 19 25 ——
° 123 20 . 21 ,lz 22 Lo
2 162 b + 3 1 20 26
7 162 10 - 18 5 9 18
9 162 10 - 18 5 - 10 17

Ray traces (figures 8 and 9) show ray bending to bé small when layers
with a linear refractive index gredient occur at a greater height than
that of the transmitting aerial. The observed increase in field strength
is therefore sssumed to be due to re-radiation from the layer in the
direction of the receiver, ‘

: The resultant field strength due to reflection in the trop-
osphere is shown in Appendix 1 to be in fair agreement with the observed
results, although the calculated increase in field strength due to an
elevated layer is about L4 db less than that observed. .

. In developing an expression for the field due to reflection,
it was assumed that no change in refractive index occurred with time.
Measurements have shown that this assumption is in error and that
variations in refractive index occur due to turbulence, It is on the
basis of this change in refractive index, and the volume effected, that
the scatter theory 5,6, 7 has developed.

s 9 3

. Although the fading characteristics of the signal received
when a layer exists do.not suggest scatter propagation, the observed
dependency on layer thickness seems better explained by the scatter
theory than by the reflection theory. Other signal characteristics are
in approximate agreement with thosc predicted from a- model in which the
main signal is due to the ray which is first reflected from the ground and
then reflected from an elevated layer to the recelver. Using this model,
the caleulated field strength for reception at 123 miles is in agreement
with the observed dependency on layer height (figure 7) while the cal-
culated field at 162 miles is in agreement with the observed dependency

on dn
E ,‘ . '006/0
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Nevertheless & scatter propagation mode cannot be dismissed.

The equation developed by Booker and Gordon for the received power from
a. scattering medium is =

S
L£— . = xa® I 1.172") av
LB - RQ R

where 67(el/yp)

il

——— D
Lk A
(=) sin %%

i

16 s sin o
5

.. B
for 2 § sin 5 ;g>)\

.distance between transmitter and receiver

a =

Ro = distance from the transmitter to the scattering element
R = distance from the receiver to the scattering element
dv = - volume of macrosecopic element .

P = power scattered to a receiver

Pog = free space power

8 effective size of the scatterer

mean square.flucfuation of the dielectric constant

- scattering angle from the incident electric vector
scattering angle from the direction of incidence

o
w!wl

ny i

I ‘

Mo

‘Villa}s;aﬂi Weisskorf® have shown that the scatter field in the absence
of a layer is proportional to -

1 4
‘ A\Z AN - dn . .
- (=) —5 where 4 is the effective
~Ef‘s' R wpz' & aperture of the receiving
aerial

an the assumption that fluctuations in the refractive index are pro=
portional to(dn)s. The dependency on frequency and angle of incidence
is therefore @Bmilar to that shown in Appendix I for reflection without
turbulaence, Refractometer measurements 6 9 have also shown the
intensity -of dielectric constant fluctuatidns’ within a layer to be
several times that observed above and below the layer.

o7/
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When the bottom of the layer lies below .the height of the
transmitting aerial, the reflection theory predicts a maximum signal,.
Comparatively few low layers occurred during the recording period and
therefore the effect on field strength is not known with any precision,
however -the tendency is towards high signals in the case of the
Camperdown recordings, some of which are presumed to be due to the

. formation of ducts. ~

The layers referred to are characterised by a rapid decrease
in the amount of water vapour with increase in height, which is usually
accompanied by an increase in temperature, As these conditions exist
in anticyclone regions, a corrclation may be expected between the
barometric pressure at ground level and field strength (figure 10).
Values of atmospheric pressure relate to the mid point of the path at
1800 hrs. E.S.T. on the night of the recording.

By Fading Characteristics

The fading rate is defined as the number of fades below the
value exceeded for 50% of the time over a period of one hour.: 4

These results show that fading rates increase with increasec
in distance and frequency, and for any one distance the fading rate is
greatest when no layer exists., When laeyers are present, short period
fading is frequently absent; a trend which is more pronounced for
lower frequencies and shorter distances.

Aversge fading rates are shown in the following table -

Table 6
Distance] - Fading rate
- =} Layer present No layer present
iles - {Channel 2 Channels 7 and 9 Channel 2 Channels 7 and 9
123 11 23 48 70
162 © 20 | 50 70 | 140

The res@bnée of the Elliott type 230 recorder used is = 30 db at 10 ¢/s,
-~ 25 avat 5c¢/s, = 13 db at 1 ¢/s and - 7db at 0.5 ¢/s.

G Loss of Aerisl Gain.

Several receiving aerials were available at the Warrnambool
site,  These included a sixteen clement end fed half wave aerial array
for channel 2 at a height of LO feet, a similar aerial for channels 7
and 9 at a height of 75 feet and a vertical stack of four rhombic aerials
with twelve wave-length sides for channels 7 and 9.

28/
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. The signals obtained on channels 7 and 9 mainteined approx-
imately the same ratio between the =serials at all times with the rhombic
acrial delivering the greatest voltage at the receiver terminals,
However, powers obtained from the channel 2 array and rhombic acrial
were freguently found to be only a little greater than that obtained
from the low gain yagi aerial used for the field intensity measurements.
This was particularly noticeable when strong signals were received.

Pigure 11 shows average curves of picture rating as a
function of the voltage obtained from the measuring aerial. An improve-
ment was later obtained when the main lobe of the channel 2 array was
tilted up by .increasing the length of feeder to the two top sections.

The arrival of radiation at high angles of elevation has been reported
elsewhere<lo).

=

}y Polarisation Discrimination

- B ‘During the last week of the recording period at Warrnambool,
~recordings were made of channel 2 from a vertically polarised aerial.
The average ratio EH was found to be 16 db. A noticeable increase in
By
+he noisec level was observed when switching from the horizontally
polarised aerial to the vertically polarised aerial.

£

% Comparison with F.C.C. values

Table 7 summarises a comparison of measured field strengths
~with those calculated from the F.C.C. curves.

Table 7
Comparison with F.C.C. values

Tocation Channel.] Field strengths far 100 KW €.T.De.
< db above 1 microvolt per metre A__
F.C.C. Measured Ratio measured/F.CCs
50%|[ 10%|ratio| 50% | 10&jratio 50%
10/50%) - 10/50% 10%
Camperdown 2 26 | 38 | 12 38 |43 5 12 5
= 7 19 | 36 | 17 '
B 9 19 | 36 | 17 4o |45 5 21 9
Warrnambool 2 L1 27 | 13 26 |31 5 12 4
T 7 -5 22 | 17 18 23 5 13 1
° 5 22 17 17 22 5 12 0

This table shows the outstanding differences between measured field

strength values and those predicted from F.C.C. curves, particularly in
the case of the median values where the discrepancy is about 13 db, and
also in the case of the 10% values which exhibit values between O and 9

db higher than the F.C.Cs figures. : -
| 09/




-~ The P.C.0. ratio of 10% to median value is commtnsurately .
higher, being about 16 db whereas the measured ratio is about 5 db,
The reason for these differences is open to speculation, The F.C.C,
values are statistical for average terrain (50% of locations) whereas
the measured values were obtained at good receiving sites with open
country looking towards the transmitters, but surrounded by houses in
‘the Camperdown casec, :

8, Conclusion

The field strength for channels 2, 7 and 9 at points beyond
the geometrical horizon depends upon the ecxistence of a layer in the
troposphere in which the dielectric constant falls rapidly with increase
“in height. Under thesec conditions the fading rate is usually less than
that observed when no layer exists. .

. In the absence of a layer the ficld strength received at
123 miles is close to that calculated for diffraction around the earth
and that calculated for reflection from the lower atmosphere, while at
a distance of 162 miles the received signal is close to that calculated
for reflection from the lower atmospherec. °

, The observed dependency on meteorological conditions means
in its turn a dependency on scason, time of day and geographical location.
Although no attempt is made here to investigate the effcct of geographical
location it may bec assumed that average values for interferecncce field
strength levels will change with location in accordance with the occur-
rence and intensity of tropospheric layers,
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