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(A .

summary of work performed under this contract. .

1. Data continued to be collected on 147.950, 147.995, and

431.950 MHz on a - contintous basis, and on 147.930,
224,950, and 1296 Mz on an occasional basis.

2. All the data acquired since 1981 was reappraised.

3. Signal-level information was obtained for every second
hour of a 24-hour day and for every second day of a month
from all data acquired since 1981.

4. Time-distribution information was obtained for every .
second day of a month from all data _acquired since 1981.

5. A digital data-logging system was installed to monitor
147.950 and 431.950 MHz. | |

6. The receiver system at Seaview was relocated to Saint .

Mary's University.

7. BAntennas and associated equipment to provide "slanted"
linear polarization on 147.930, 224.950, and 431.900 Miz
were installed on Sable Island. .

8. At the .request of the Coast Guard, Tower #l1 was
dismantled, and the antennas relocated on Tower #2. '
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PREFACE

This Report gives an updated account of the results

obtained from cbservations in the VHF and UHF bands on the
Sable—to—Seaview and the Sable-to-Halifax paths. These .

. results supersede any earlier reports on this profect,.and

consist not only of observations made by Saint Mary's .

University (SMU), but also some. observations made by

Maritime Tel and Tel (MIT) in their research on the
sable~-to-Canso Straits path.

-In general, the Report coheiders data cbtained over the
past three years. In particular, a reappraisal of all the
data obtained over the past three years necessitated
disceunting same of the data, mainly because of faulty

‘calibration. In the case of the observations on 431.950
MHz, it turned out that the data for 1982 was seriously
ambiguous (observations on this frequency began towards the N

end of 1981)

" A brief summary of the methods and‘definitions used;in
this Report is given in Chapter 1. Chapters 2 and 3 conrain
relatively detailed data (mainly in the form of graphs)
from the Sable-to-Halifax (147.950 MHz) and
Sable-to-Seaview (147.995 MHZ) paths respectively, while

~ Chapter 4 presents similar data on the Sable-to-Halifax

path on 431.950 MHz. Chapter 5 presents some miscellaneous
results on diversity experiments (mainly consisting of data
obtained;by MIT); some preliminary data on differential

attenuation between vertical and horizontal components on

the 'Sablerto—ﬂalifax path, and some ' preliminary data -

pertaining to 1296 MHz. Chapter 6 provides a summary of the
data presented in the foregoing chapters. The Appendices
contain a variety of supporting data and related

information.
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1. Intfoduction

This Report is the fourth in a series pertaining to VHF

-and UHF path-loss measurements made by Saint Mary's

University (SMU) for the Communications Research Centre
(CRC) of the Department of Commmications (DOC). There are
two paths studied in this project: one, from Sable Island,
Nova Scotia to the Canso Straits area of Nova Scotia; the
other, from Sable Island to Halifax, Nova. Scotia. A general
view of the Canadian East coast, showing the relative
postition of Sable Island, is given in Figure 1-1. A more
detailed view of the area, ‘showing the location of the

- sites mentioned in this Report, is given in Figure 1-2.

Appropriate path-loss data in the VAF and UHF parts of
the spectrum for a long salt-water path are of inﬁerest in
the construction of propagation models for this kind of
path. These models are requirad for the determination of
interference and service range of maritime and off-shore

' statio_ps‘ using VHF and UHF communications links.

VHF and UHF path-—loss measurements were carried out by
operating and monitoring appropriate transmitters on Sable
Island, and corresponding receivers and. recorders on

mainland Nova Scotia. ‘Th_e data was mainly in analog form

 (associated with strip~chart recordings) and was obtained

on a continuous basis.

 The objective of this particular Report is to report on
the data obtained over the past year and also to combine
the observations made on the two paths ‘over the past -
several years. This will also include a reappraisal of the
entire set of data. In. fact, on the basis of this

- reappraisal, it was found necessary to discount some of the

data obtained earlier. The result of this reappraisal is

- that there is one full year (1983) of reliable data for

.p.l—l.
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- 431.950 MHz, and jﬁst over two full years (consisting of

11983 in its entirety, and portions of 1981 and 1982 ) for
147.950 and 147.995 MHz. |

p.1-2 .
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2. Path-loss definitions.

A. Expected path-loss: This Quantity is calCulated on the
basis of NBS-101, Chap.9, where it is called a "long-term.

" median basic transmission loSs due to forward scatter” and

is reproduced here for convenience (less two terme which

are con51dered to be 1n51gn1f1cant)
path-ioss(db) =30 log £ - 20 log d +F(8d) + Hy

where .
f is the frequency in MHz, '
d is the sea—level arc distance in kllometers, v
F(64) is the attenuation ‘factor,
and
Hpis is the frequencybgaln functlon.'

. This quantlty is taken to be identical with the long—tenn

power fading value associated with a 50% prooqblllty that_;.
the ordinate is exceeded, as defined in Chapter 10 of

 NBS-101;. the long-term power fading for the 1% and 10%

ropability levels were also calculated .on the ba51s of
this chapter. ' '

B. Observed path—loss' ThlS quantlty is calculated from the
' observed signal-strength data and the approprlate system.

parameters, using the relatlohshlp. p

Path-loss(db)= P(TX)-P(RX) -G (TX)-G(RX)+L(RX)+L(TX) ,

" where

CP(TX). is the the transmitter output,
P(RX) is the power level at the receiver 1nput,

- G(TX) and G(RX) are the isotropic antenna gains at the

_transmitter and receiver respectively,

and

-' p.l1-5
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L(TX) and L(RX) are the line losses at the transmltter and
receiver respectively. '
All these quantities are in db.

Two sets of path-loss determinations were mede, one of
them corresponding to a daily average (24 hours) of the
signal -level,. and the other correspondlng to a daily
tlme-dlstrlbutlon of the s1gnal level.

In the first set, the signal level was determined every
two hours from the chart-recording, and then the daily
average V was caleﬁlated on‘ the basis of?the expression:

32 :
V = n; Vn/ ]..2 (uv)

where Vn is the signal level at the n-th hour.

These daily averages then oprovided the basis - for
calculating a monthly average (using only every other day
of the month). The mnthly averages, in turn, prov:Lded the
basis. for calculating an. annual average. An example of the
monthly averages is given in Figure 2-1,

. In the second set, every other day of the month was
analysed to determine the percent-time spent above a given
signal level. In most cases, four such signal levels were
drawn on the chart, and a determination was made for each
level. This produced a daily time-distribution of ocbserved
signal-level, in terms of "percent time spent above the _

ordinate". A monthly time—distribution was then obtained by ‘
combining all the time-distributions for the month (usually .

15 per r_nonth)_; the yeer‘s time-distribution was obtained in
a similar manner. An example of a year's time-distribution
is given in Figure 2-6. |

- The yearly time-distributions provided not only a median |
-value of the path-loss for the year (defined as the .

p.l-6
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path-loss at the 50% point), but also an average value for
the path-loss. This average value was obtained by means of
a graphical integration of. the time-distribution curves,

‘utilizing the path-loss value at the mid-point of each 10%-

interval. The final value of the average _path-loss was

obtained by averaging the values obtained by the two sets.

S op.l-7




Chapter 2: Sable-to-Halifax (147.950 MHz).

The monthly variations in path-loss for the mid—peint of -

each month are given for each year (1981 to 1983) in

Figures 2-1, 2-2, "and 2-3 respectively. No data is

 available for the first three months of 1981 and for April,
‘May, and November of 1982. The average of the data for the-

three ,years is shown in Figure 2-4. BAn empirically
determined best-fit sinusoid is fitted to the data and
shown in FJ.gure 2-5. It is quite apparent that there is a

seasonal variation in the path—loss.

The the;distribution' of the path-loss for each year is

given in Flgures 2-6, 2-7, and 2-8 respectively; The

" average of the data for the three years is shown in Figure

2-9. The observed time-distribution agrees well with the

expected tm\e-dlstrlbutlon (as calculated on. the bas:.s of
- NBS-10L). S , _.‘ B

The monthly variations in path-loss are compared with

) rmnthly variations in mean "path temperature" for each year
in F:Lgures 2-10, 2-11, and 2-12 xespectively. The average.

for the data (i.e. path-loss and temperature) is shown in
Figure 2~13. The mean "path temperature" is defined in this

Report as the mean of the mean surface temperatures at each

end of the path. In this case, the surface temperatures
pertain to Sable Island and ' Shearwater.

Diurnal (24-hour day) variations ‘in path—los_s for the

extremm .months of the year (i.e., February and August) are .

averaged over three. years for August and two years for
February. The data indicates that, during February (at .
which time the path-loss is a maximum for the year), the

variation over the 24-hour day is very small or even zero,

although there appears to be a small decrease in path-loss -

at about 0200 hours. This data is shown inh Figure 2-16.
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' "Figi:tre 2-1: Monthly variations in path-loss at 147.950 Mz S

. for 198l. Data is not available for the months of January

to March, inclusive. The figure ‘includes the average and
median values of "expected" path-loss, calculated on the
basis of NBS-101. Average and median values of “observed"

path-loss for the year were not calculated, .
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‘for 1982. Data is not available for the months of April,

Figure 2-2: Monthly variations in path-loss at 147.950 MHz

May, and November. The figure includes the average and

median values of "expected" path-loss, calculated on the

basis of NBS-101. Average and median values of "ocbserved"
path-loss for the year were not calculated. -
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Note: The arrows indicate that the path—loss is actually smaller,

. but the amount is not known.
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Figure 2-3: Monthly variations in path-loss at 147.950 Mz

for 1983. The figure includes the average and median values
of "expected" path-loss, calculated on the basis of
NBS-101, as well as the "observed" values of path-loss.
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Figure 2-4: Monthly variations in path-loss at 147.950 MHz.

This figure includes the relevant system-parameters used in
calculating the expected path-loss on the basis of NBS-101.
Towards the end of 1983, in the course of some maintenance

work on the beacon, it was discovered that a connector was

'noticeablyA lossy (approximately 5 db at the time of

inspection). Since the connector was wet at the time of
inspection, it could be assumed that there would be times
when- the connector was dry and therefore much less lossy.

"Hence, for the purposes of this Report, it was assumed that

the connector (which had been installed exactly one year

earlier) contributed an average loss of 3 db during 198,35;_, s

The line representing the observed average path-loss has an
arrow-‘-'vevi"s‘sociated with it to indicate the fact that the
path-loss is somewhat smaller than indicated, but to an
unknown extent. ' '
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Flgure 2-5 Monthly varlatlons ir path-loss at 147.950 MAz.
This flgure displays the correlation between the monthly '
average (averaged over three years) and an emplrlcally
determined best-fit sinusoid, designated as Y(D), where Y .

. represents the path-loss for a given day-number D. It is

..~ noted that there is agreement between the data pomts and. |

. the sinusoid to within a few db. .
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is an empirically determined best-fit to the dataj D is the number -
of the day in the year. The observed data is assumed to pertain to '

the mid~point of each month., For the purposes of this figure, each

month has 365/12 days. It is belng assumed that the maximum path-loss

occurs in mid-February.
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Figure 2-11: Monthly variations in path-loss at 147.950 MHz
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- tain to 1982 only.
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extreﬁum.mbnths of the year (February and Augusty;_averaged over three -

years for August and two .years for February, for 147.950‘MH2. l
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Note: The arrows indicate that the path-logs. is actually smaller,

but the amount ‘is not known.
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.Chapter 3: Sable-to-Seaview (147.995 MHz) -

The monthly variations in path-loss for the mid-point of
each month are given for each year (1981 to 1983)'in -
Figures 3-1, 3-2, and 3-3 respectively. Wo data is
available for the first four months of 1981, and %or June, :
July, and September to December of 1982. The average for
the data for the three years is shown in Figure 3-4. An
empirically determined best-fit sinusoid is fitted to the

~ data and shown in Figure 3-5. It is quite apparenﬁ.that,_

there is a seasonal variation in path-loss.

: The time-distribution of the path—loss for each year is:
given in Figures 3-6, 3-7, and 3-8 ‘respectively. The
average of the data for the three years is shown in Figure
3-9. . The observed »time—distributioh ‘differs from ~the -
expected by approximately 5 db. ' C

. The monthly variations in path-loss aretémeared with -~
nbnthly variations in mean "path temperature" fér each yearf&'
in Figures 3-10, 3-11, and. 3-12 respectively.\The average,1_‘
for the data is shown in Figure 3-13. In this case, the_f.:"

fsurface temperatures pertain to Sable Island and to Eddy 7:.'
Point (Canso Straits area). ' o o

Where appropriate, data obtained by M.T.T;‘for'the‘
frequency under discussion is also included. This data was f
obtained only for the first four months of 1983. Time-
distribution data from MIT is found in Appendix C. o

Diurnal (24-hour day) variations in path—loss for the

. extremim . months of the year (i.e., February and August) are

averaged over two years for both February and. August. The 1'k

" data indicates that, durlng February (at which time the-

path-loss is a maximum for the year), the varlatlon over



the 24-hour day is very small or even zero, although there
appears to be a small decrease in path-loss at about 0200

hours. This data is shown in Figure 3-14.

o pa-2
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Figure 3-1: Monthly variations in path-loss at 147.995 MHz
for 1981. Data is not available for the months of January
~to April, inclusive. The figure includes the averége and |
median values of "expected" path-loss, calculated on the . '
basis of NBS-10l. Average and median values of "observed"
- path-loss for the year were not calculated. |

. Note: The arrows indicate that ﬁheiphth-losslis actually smaller, -

"but the amount is not known.
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'. / Figure 3-2: Monthly variations in path-loss at 147.995 MHz
L for 1982. Data is not available for the months of June,
I ' July, and September to December, inclusive. The figure
N - includes the average and median values of "expected" . '
I ~ path-loss, calculated on the basis of NBS-10l. Average and
‘ ' - median values of "observed" path-loss for the year were not
I g calculated. o SR
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Figure 3-3: Monthly variations in"path—less at 147.995 MHz |

for 1983. The figure includes the average and median values -

-of "expected" path-loss, calculated on the basis of
NBS-101, as well as the "observed" values of path—loss for

the year.

. O Observed by M.T.T.
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.Note':-'fl‘he arrows indicate that the path-loss is actuelly smaller,

but the amount is not known.
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Figure 3-4: Monthly variations in paﬁh—loss at 147.995 MHz.
This figure includes the relevant _system—parameters used in
: calculating the expected path-loss on the basis of NBsS-101.

The llne representlng the observed average has an arrow

assoc1ated with it to indicate the fact that the path-loss

is somewhat smaller than indicated, but to an unknown

extent. The data obﬁained by MIT (for Jan. to Rpr., 1983)

'is also shown in this figure.

O Observed by M.T.T.
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‘Note: The arrows indicate that ‘the path—loss is actually smaller,

but the amount is not known

System parameters: TX: -lS,W ant.gain:11.2dbi i-ine loss:4.3db |

“R¥s =~ B 1 " " . "’ " 3.8db

‘TX antenna 20m above sea-level RX antenna 77m above sea-level |
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Figure 3;-5° Monthly variations in path-loss at 147.995 MHz .‘
This. flgure displays the correlatlon between the monthly
average (averaged over three years) and an empirically
determined best—fit sinusoid, designated as Y(D), where Y
fepfesents the path-loss for a given day-number D. It is
noted that the data points agree with the sinusoid to
within a few db. V
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Note: The arrows indicate that the path-loss is actually smaliér,

. but the amount is not known.

The function Y(D) = 168 + 12cos [27T(D-44)/365]‘ ; where 04D% 365,
is an empirically determined fit to the datas D is the number of tha

day of the year. The observed data is assumed to pertaln to the mid-

point of each month. For the purposes of this flqure, each month has -

365/12 days. It is being assumed that the maximum path—loss ‘occurs in

mld-February.

" Dec
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Figure '3-6: Time-distribution of data at 147.995 MHz

obtained during 1981. Data is not available from January to
‘April inclusive. The median values differ by approximately

15 db, which is considered to be probably insignificant on
the basis that the data for this year is rather incomplete,

and that differences in the order of 10 db or so cannot be

ruled out. The average of the expected value of path-logs

is included for purposes of comparison. An. average value

. for the observed path-loss was not calculated because of

the incompleteness of the data.
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Figure 3~7: Time-distribution of data at 147.995 MHz

obtained during 1982. Data is not available for June, July,
and September to December inclusive. ‘The median values
differ by approximately 9 db. The average value of the -
expected path;loss is included for purposes of comparison.
An average -value for the observed path~loss was not'..-
calculated because of the incbmpleteness of the data.: |
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. Figure 3~8: Time-distribution of data at 147,995, MHz

cbtained during 1983. The median values differ by

approximately 4 db. The MIT data is thought to. be ‘
consistént with both the NBS-101 prediction as well as with -

theWSMU data inasmach as the MIT data represents path-loss
béhaviour for the winter season, which is associated with
maximm path-loss (see Chapter 6 for further discussion of
this). Average values for the expected and observed
. path-loss are included for purposes of ccmpafison:
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Figure 3-9: Time-distribution data at 147.995 MHz obtained

over the period 1981 to 1983, and averaged over the thréé
yvears. The median values diffef,by approximately 5 db; The
averages. of the expected and the observed values of
patthoss are included for purposes of compafison.
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F'ﬂt e 3-10: Monthly variations in path-loss at 147.995 MHz
compared with monthly averages of "path temperature"; both
pertain to 1981 only. - : ‘
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Note: The arrows indicate that the path-loss is ac¢tually smaller,

but the amount is not known.
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Figu.fe 3-11: Monthly variations in path—-loés.at 147.995 MHz
compared with monthly averages of "path temperature"; lboth
pertain to 1982 only. ‘
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" Figure 3-12: Monthly variations in path-loss at ‘14'7,995 MHz

compared with monthly averages of

pertain to 1983 only. .
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Note:The arrows indicate that the path-loss ié‘actually smaller; '\::

but the amount is not known.
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" Figure 3-13: Monthly variations in path-loss at 147.995-‘. '

MHz, compared with monthly averages of - “path temperature;
both quantities are averaged over three years. It is noted
that the correlation between the two quantities is such -

that the seasonal relatlonshlp between path——loss and "path

' temperature" is clear.

O Obsexved by M.T.'I‘.
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‘Note: The arrows indicate th~at.the path-loss is agtually snialler’, R

but the amount is not known.
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Figure 3—l4='Diurnal (24-hour day)‘%ariatioﬁs ih.paﬁh—loss for

extremum months'of‘the'Year'(February and August), averaged over .

. two years, for 147.995 MHz,
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Note: The arrows indicate that the path*loss‘is actualiy smaller,

but the amount is not known.
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Chapter 4: Sable-to-Halifax (431.950 Mz)

\

The monthly Varlatlons in path-loss for the mld—p01nt oftf
each month are given for 1983 in Figure 4-1. An emplrlcally :

determlned best-fit sinusoid is fitted to the data and
shown in Figure 4-2. The data displays a marked seasonal

varlatlon .

The time-distribution of the observed path-loss is shown

~ in  TFigure 4-3, and compared with the expected
' txme—dlstrlbutlon (based on NBS—lOl). The average values of

the observed and expected path—loss are included in the
graph to facilitate comparison. The data shows that the
median value of the observed time-distribution of the
path-loss is‘approximately 5 db less than the expected.
This difference is, however, taken to be insignificant in
view of the experimental uncertainties and the scatter in
the data. Moreover, the data reoresents only one full year

of observatlons.

The monthly variations in path-loss are compared with the
monthly varlatlons in mean "path temperature" in Flgure

4-4, and 1ndlcate a definite correlation between the

: seasonal variation in path-loss and seasonal varlatlon in -

path-temperature. .

“ADiurnal (24-hour day) variations in path-loss for the .

extremum months of the year (February and August), for 1983

- only, ‘are shown in. Figure 4-5. The data indicatee that

during February (at which time. the path-loss is maximn for
the year), the variation over the 24-hour day is very small
(possibly zero), although there appears to be'a small

decrease in path-loss at about 0200 hours. However, during

August, the variation is quite marked,\and also suggests

‘that there is a tendency for the path-loss to be a minimum
towards middday. » o ' ‘

U pad-l
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Figure 4-l: Monthly variations in path-loss at 431.950 Miz.
This figure includes the relevant system-parameters used inv
calculating the expected path-loss on the basis of NBS-101. o
The line representing the doserved a&erage has an arrow
associated with it tq»‘indicate that the path-loss is
‘actually smaller, but the amount is not known. ’
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Note: Data obtained {using a aataelogger) for Jan./84'indicate a path-loss

of 187 db for this month; this agrees with the results for 1983.
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Figure 4-2: Monthiy variations in path-loss at 431.950 MHz.
This. figure displays the correlation between “the monthly
. averages (for 1983) and an empirically determined bést-rfit :
sinusoid, designated Y(D), where Y represents the path-loss
- for a given day—number D. It is noted that the data points
agree with the sinusoid to within a few db. » ‘ . : -
' : : ' L
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Note: The arrows indicate that the path-loss is actually smaller,

but the amount is not known. _

The function Y (D) = 180~+.15cos[21r(13—44)/356] , where 0XD<365,.

is an empirically determined fit to the datajs D is the number of the

" day of the year. The observed data is assumed tofpertain to the mid-

point of each month. Forithe'purposés of this figure, each month has

- 365/12 days. It is being assumeé that EheAméxmimum path-loss occurs in

nid-February.






Figqure 4-4 | : . Do © £:_431.950 Mz
sable to Halifax (312km) - - oo
Comparlson of monthly varlatlons in path—loss w;th monthly varlatlons

in path temperature‘ (for 1983 only).
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Figure 4-5: Diurnal (24~hour day) variations in the path-loss -

- for the extremum months of the year (February and August) » for 1983,

at 431,950 MHz.
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l.Diversity observations.

Some preliminary "diversity" experiments, involving

* frequency and space separation, were conducted by SMU and
reported earlier (Appendiceslc, E, G, and I, of the Report

for 1981-2). These were short-term observations (lasting
about 1 hour each), conducted‘way 8, Jﬁne 19, September 9,
and December 8, of 198l. On the basis. of these
observatlons, it was concluded (in that Report) that a
multi-channel recelver system, in a dlverslty
conflguratlon, should show a marked decrease in channel
outages associated with fast—fading.

However, much more extensive observations Were made by

MIT on diversity conflguratlons involving six different

links in various combinations. The observations were .

conducted continuously"during the first four months of.
1983. The results of these observations are shown in Figure
5-1 (reproduced, with permission, from MIT's Report ESP
82-01). It is clear from the MIT data that the cbserved

- long-term improvements associated ~with - diversity
‘configurations are rather small-—in the order of 1% in most

instances.

The difference between the two sets of obsérvations (MTf. :‘
- and SMU) is substantial. Although a seasonal factor might :_‘
o pe adduced_to account for the. difference, it is pointed '
out, on the one hand, that'SMU's observations on December -
8, 1981 (which lasted for 51 minutes) indicatedjthat of the
8.6 minutes (total) during which the signal at Seaview was -

below 0.2 uv, the signal at Arichat was simultanecusly

below this level for only 1.1 minutes (total) of this time,

representing approximately 13% of the total"outage‘ time.

. If a perfectly efficient diversity system had been in
place, then 87% of the 8.6 minutes could have been supplied

by Arichat, thus reducing the overall outage from 8.6 to

Copusel
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sore 1.1 minutes, representing a decrease in outage .

(associated with fast-fading) during the 51 minutes from .
17% to sore 2.2 %. ‘

On the other hand, ' the SMU observations rep}:esent
short-term behaviour, whereas those by MIT represent the
long-term. Hence, for the purposes of this Report, which

‘pertains mainly to long-term effects, it would appear that

the observations made by MIT represent the dominant

phenomenon.

p.5-2
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. Figure 5-1: summary of results from diversity observations . ST
‘ obtained by MTT. o '
- (from MTT Report #ESP 82-01)
(reproduced with permission) - |
TABLE 2 . -
DIVERSITY ,IMPROVED AVAILABILITIES
( for 0.2 uvV received signal) -
| ] P !
- CHANNEL | JANUARY I FEBRUARY { MARCH ~} APRIL
I ‘ :
S | | . I ~ -
‘Arichat VHF #1 | 94.01% | 88.61% |  90.55% | 96.47%
: (Non—diversity){ = ; % ‘ _} o '
"Arichat VHF #1 | 94.13% |  88.98% 91.08% | 97.12%
with Seaview b | ' I C P
VHF #1 | }

. , R T ‘ , :
Arichat VHF #1 | 94.30% | 88.36% | .91.11% | 97.31%
with Seaview | | | SR S
VHF #2 | | I I»

: ! * [ R ‘ '

~ Arichat VHF #1 | 94.05% I 88.97% . l.. -90.75% | - 96.69%
Wwith Seaview | N , IS B : | S
VHF #3 I | | -

_ R 1 N - . T
Arichat VHF #1 | 94.38% | = 88.83% | - 92.96% . |. 97.43%
with Seaview | o ~ ! I
UHF #1 | I | |

. ] o I | s
" Arichat VHF #1 | 94.03% | 88.66% I 90.90% | .96.93%
with Arichat - [ g | oo ] Co
‘UHF #1. : ; | I I
’ | : : I o
~Arichat VHF #1 | = 94.74% | 88.72% | . 92.38%5 | . 97.80%
with Canso | ' ‘ | . |- : | :
VHF %1 | | I |
o H \ | | 1
Arichat VHF #1 |  95.25% = | 88.91% | 92.00% . | 97.54%
with Canso | | : | ' 1 .
UHF #1 | | | |
Arichat VHF#1l: 142.605 MHz(verticalI‘ " Canso VHF#1l: 142.605 MHi(verticai)j“ %;
Seaview VHF#1l: 142.605 MHz( " ) Seaview UHF#1:419,2125 MHz( " )
Seaview VHF#2: 143.395 MHz( = " ) . Arichat UHF#1:419.2125 MHz( " )

Seaview VHF#3: 147.995 MHz(horizontal) Canso UHF#l: 419.2125 MHz ( " )

Note: the terms in.parentheses refer to polarization.:
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147, 900), 224.950, 431.900, and 1296 Miz.

A2. Polériiatidn effects.

z

Same preliminary observations have been made over the

past year and a half on a possible difference in path-loss
for vertically polarized and horizontally polarized

radiation. To separate this effect from other —~possibly

larger—effects, several antennas were installed ton Sable
Island which were slanted at 45 degrees in such a way that
the radiated power would have equal vertical and horizontal
components.  In this experimental configuration, any

polarization—-dependent propagation would- appear as an
apparent rotation of the plane of ‘, polarization at the

receiving terminal.

In particular, if the analyzing antenna (and this was -

 the case) is adjustéd. for a null in the receiver (this

procedure is convenient when the signal is rather weak and
fading rapidly), then the apparent angle of rotation is
readily measured. For purposes of prellmmary observations,

the equlpment was capable of an experimental uncertamty of

no more than 2 degrees, which is equivalent to a relative .

change in power of approximately 0.2 db. The frequencies
assoc1ated with these observations are: 147. 930 (formerly

© On the basis of only several observatlons at each of the
frequenc1es, it. appears ‘that - the vertlcal component is
associated with a path-loss several db larger than is the

N horlzo_ntal, at both 147.930 and 224.950 MHz; at 431.900,
. the vertical co;fgporient appears to be  attenuated

' additionally by only 0.5 db or so; and, at 1296, any
" additional attenuatiori' is less than 0.2 db. - -

. Given the experimental uncértainties associated with this
project (estimated to be approximately. 3 db) and given the

uncertainty associated with the scatter in the path-loss -

p.5-4



data (assumed to be in the ordéf of 10 db), it is:appafeht-.-
that the effect being discussed here is a relatively minof‘
one, and would quite pmobably not be detected ln any -

long-term observatlons of path~loss.

Hence, although it appears that there is some )
differential path-loss pertaining to linear learizatioﬁ ,
(vertical or horizontal), it 1is pointed out--for the
ourposes of this Report--that the data is quite tentatxve
and that the effect is relatlvely'small. - ‘




- 3. Pfeliminary data for 1296 MHz.

~ Semiquantitative observations haQe been made QVer the
past. two years of the signal-level from the 1296 MHz beacon
on Sable Island. The bulk of. these observations were made
by Mr. Elmer Naugler (VEIOD), of Halifax, ~whose
observations extend mainly from June 30, 1983 to Jamuary 2,
1984. '

In general, it was observed that the beacon could be
heard during the summer rather frequently, but only rarely

during thé winter, agreeing with the seasonal dependence of

the path¥loss observed at the other frequencies associated
with this Report. A tentative estimate of the path-loss
yields the value 182 db, which appears to agree with a
forward-scattering model for the propagation.;;his.estimate

- pertains to the mid-summer  value; presumably, the

mid-winter value would be at least 20 db larger than this.

The data for this frequency is quite preliminary.~
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Chapter 6: Summary

 The monthly averages of path-loss, avefagéd over three
years, for 147.950 and 147.995 MHz, are displayed'as graphsj‘  :
in Figure 6-1. The graphs show both observed and expected o
values for the median path-loss. The observed data shows
that the form of the seasonal variation:in path-loss is
similar for the two paths, with a constant difference of
approximately 7 db. Although the agreement between dbserved
and expected median values is closer at 147.950 MHz (Sable
to Halifax).thaniat 147.995 MHz (Sable to Seaview), the
difference in both cases is taken to be inéignificant, and

leads to the conclusion that the long-term median values of

: path*loss on both paths are in agreement with the

calculations based on-NBS—lOI. The same observed data is
given in Figure 6-2, where it is compared with average -
rather than median values. Data obtéined‘by‘MTT for the
first four months of 1983 is also shown in Figures 6-1 and =
6-2, andlisiseen to be in agreement with the other data.. =

: Time-distribution data, averaged over the three years,
for the same two frequencies, is shown in'Figure.6—3,‘and- ‘
is compared with time—distribution behaviour based on
NBS—lOl,_For both frequencies, the best~fit line  through
the data-points-is taken to be in agreement with the
expected - values, leading to the conclusion that "Ehe
long-term ﬁedian valﬁé of the path-loss on these two paths -

and’ at these frequencies is 'consistent with a

forward-scattering model for the propagation.

" Moreover, given that the NBS-101 model being used here
does not distinguish among  polarizations (vertical,

horizontal, circular), and given that the data odbtained by

- SMU (using horizontal polarization) and the data obtained

by MIT (using vertical polarization)'aré both taken to be



in agreement with‘the NBS—lOl, then it is concluded that '
there is no Slgnlflcant (i.e. not 1arger than several db) .
sens1t1v1ty to polarlzatlon on these paths and at these -

frequencies.

The monthljgeverage path-loss values, averaged over the
three years for the two VHF and one UHF paths studied by
SMU, along with the best-fit sinusoids for each, are shown
carbined in Figure 6-4 to facilitate comparisen and
interpretation of the data. The combined time-~distribution
data is Shown in Figure 6-5. ”

The cétrelation between -average monthly . path-loss..and
averagetngnthly path-temperature, indicating the- fairly
linear felationship.between the long-term average monthly
path~ths and the long~term average monthly
path—teﬁperature, as well as indicating that the slope in
each‘case,is approximately 1 db per degree Celsius, is 0
showngig;Figure 6-6. |

Diurnal (24-hour day) variations in path—loss are shown
in Figure 6-7. The data represents the average of all
available data from 1981 to 1983 inclusive. Given that the

experimental uncertainty is probably 3 db at least, and the
N

~relat1vely large scatter in the data (in the order of 10 db- _
at the least), the results indicate ‘that for February there c

is no s1gn1f1cant diurnal varlatlon,valthough there appears‘
to be a minimum at 0200 hoﬁrs'for all three frequencies. o
For August,. the results indicate that the diurnal |
variations for 147.995 MHz (Sable—to—Seav1ew, 1207 km) are;‘
also relatively negligible, but that the variations for
147.950 and 431.950 MHz (both are for Sable-to-Halifax; 319
km) appear to be s1gn1f1cant In partlcular, the results .

for these two frequencies suggest that there is a tendency
for the path-loss to be less during dayllght,vand that the
amplitude of the dlurnal varlatlon is larger at 431.950

'than at 147 .950 MHZ.



Figure 6-1: Monthly variations in path—loss, averaged over _
the period from January 1, 1981 to December 31, 1983, for

both VHF links studied by SMU. Both variations display.a

marked seasonal. dependence, with the maximum path-loss

occuring around mid-February and the minimum around

mid-August. The average median path-loss is' shown for the
"observed" data (averaged over 3 years). The "expected"
median (based on NBS-101) is also shown. The experimental

uncertainty in all the data givenilin this Report is thought

to be in the order of 3 db;-short—term fluccudtlons are
frequently in the order of 20 to 30 db and more.

At times, the signal level was high enough to drive the
recording system off scaie, and arrows are used in the

figures to indicate that the path-loss is actually smaller,
' but the amount by which it is smaller is not known. e
© 9MU's 147.995 MHz receiver was monitored by MIT in the -
-course of their study of the path-loss between Sable Island

and the Canso Stralts area; this data is éhown for the

months of January to April of 1983 (the duratlon of the MIT
study) .
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'Figure 6-2: The same observed'data‘as in Figure 6-1 is
shown here, but this data is compared here with the varlous
relevant average values rather than medlan values. N

' ~Legend ‘ : ! | “
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Figure 6-3: TluErdlstrloutlon plot of the VHF path—loss
data, averaged over the three years. Also shown, for both
paths, is the expecteg_dlstrlbutlon, based on NBS—lOl.VIt

is noticed that ' the observed behaviour ~on the

Sable-to-Halifax paﬂﬁyis in closer agreement with the
expected than is the case for the Sable~to-Seaview path.
There is no apparent explanation for this dlfference.

The MIT data shown here is the monthly average. of thelr

observations during the first four months of 1983. Since
‘the seasonal variation in the path-loss is approxiﬁetely
24db (see_Figure 6-1), and since the MIT data represents
the path-loss for a time of the year when the oath—loss is

a maximim, then it is concluded that the MIT . data is 1n
agreement with the other data.
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Figure 6-4: Monthly variations_in path-loss, averaged over : '
" three &ears for the two VHF and one UHF paths studied by SMU.
The empirically determined best-fit sinusoids are included to
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Figure 6-6: Dependence of average monthly path-loss On- ,
average monthly path-temperature. The +two VHF paths
(147.950 and 147.995 MHz) as well as the UHF (431.950 MHz)
are shown. For the purposes of this Report, the data-points
are fitted (least squares method) to a straight line. The
two VHF paths are described to within a few db by straight
lines, although the UHF path does not correlate with a
straight line in as satisfactory a manner. It is noted,
however, that the UHF data represents only a one—yeér
sample, whereas the VHF data represents én average over.:
three years; in other words, it is being presumed that a -

- larger sample at UHF would, in fact, correlate

satisfactorily with a straight line. It is also noted that
the slopes of the best-fit straight lines are approximately
identical. Finally, it is noted that the data pertains to

long-term averages values only; in other words, there is no :

6bserved indication in the data that the relationship

" between path-loss and‘path—temperature holds for shorter

vthne scales (eg., for a period of an hour at some arbitaray

time of the year).
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Figure 6-6

Average monthly path—loss dependence on average monthly péth—temperature
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Figure 6-7: Diurnal (24-hour day) variations in path.loesvfor

the extremum months (February and August) of the year, for the .
' paths asso¢iated with 147.950, 147.995, and 431.950 MHz. The open -
. circles represent average values for August, and the closed cir- l

cles pertain tQ February.
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' The arrows 1nd1cate that the path—loss is actually smaller,

but the amount is not known.
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Conclusions
In general, it is concluded that:

1. The long-term Hediah path~-loss for_‘théa bathé and
frequencies discussed in this Report are predicted by the
forward-scattering model in NBS-101 to within a few db.

2. The monthly variations in the path-loss diéplay the
expected seasonal dependence (i.e. maximum path-loss in
mid-winter and minimum in mid-summer). '

.3. Differential path-loss (i.e. dependence of path-loss on

polarization) appears to be in the order of 3 db or so for
VHF, and less than this for UHF. (Note: this is a highlyf'

tentative conclusion).
;

4. Prospects for long-term improvements based on diversity

' configurations;. involving two-element frequency and/or ;

. space diversity schemes, appear to be quite negligible.

- .. 5. Diurnal (24-hour day) variations for the extremum months .
(February and August) indicate that the variations (if any)

during February are less than 2 or 3 db for all

- frequencies, but that during August, the variations can be

significant.

- p.6-13
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. Figure A-l: Print-out of calculations pertaining  lp.APl :
EDIT‘I—QND to the “Sable-to-Mainland paths on 148 MHz,Vfor ) .
N - - . } .

ERDIT BOE HERE the indicated system—parameters. (from C.R.C.)
*TY ‘ s -

1.000 TX:#SABRLE , #LAT: 00000  LONG: 00000

2,000 RX:#MAINLAND ; #LAT: - L 00000  LONG: L 00000

3. Q00 : ' ' '

4,000 COVERAGE: #*RADLY: DISPLAY: #BOTH¥*

5,000 PRERDICT: w315 % FLOT DEV:#*TEE

&L 000 METHOD:  #DETLH H/7D PLOT#NO | 3

7,000 PROFILE: #LUSER#* " DIAGNOST:#ND

. 000 PATH: #TERR#* o

P Q00 ' A

10,000 VARIABLES: FIRST LAST INCREMENT

11,000 AZIMUTH « Q00 A alsly alsla)

2. Q00 DISTANCE am.oamxgigg.meo 05, 000

13, 000 FREGLUENDY 142.0 142.0.  148.0

14.000 TX ANTENNA S0.00 =0, 00 S0.0D}

15. 000 RX ANTENNA 20.00 50,00  S50.007 above sea-level
140000 » A ‘

17. 000 POLARIZATIONY #H#

12,000 TIME SIGNAL EXCEEDRED: D0, 000% : MONTH: O HOUR: ©
1%. 000 : ~ o
20, 000 PIWER? 15.00 WATTS .
21.000 LINE Limg: TX 4.2 DR O RX 3.8 DR

22,000 RX: BANDWIDTH . 000 KHZ .0 DB NOISE FIG

23,000

24,000 *## FACTOR: d.zaz ‘ '

25,000 GROUND: #SEA CoND 5. 000 FERM 20,000
24,000 N

27. 000 ‘ CTX RX .
@, 000 CLUTTER: COENONE ® % #wNONE # ® #
22,000 L0 TO CLUTTER 10000 1000.0
20,000 HT ARQVE ANT L0 B .0

21. 000 DEPTH ALDNG LOS . 0 . » O
2,000 EXT ACROSS LOS W0 . R ¢
2T, 000 S : ~ A o
24,000 USER-SPECIFIED CONTOURSS NUMBER?. - O

CORE, Q00 _ ‘ ' -
24A.000 RX ANTENNA GAINE 11.2 ; B
A7.000 TX ANTENMA AZIMUTH/GAIN(DE)YS bl MUMBER: 1
SR 000 O L . . :

2% 00 -0 1LZ ani . : _ :

C 40,000 INTERDECILE HEIGHT RANGE (METRES): LD
41,000 SITE ELEVATIONS: CTX=1000,0 RYX—1000, 0
42,000 TERRAIN FROFILE. DIST/ELEV: -

4.3, 000 IS 1Y) S s o

43, 100 5. 00 L0

43,300 10,00 ol

A4, 000 230,00 0 s : i
4%, 000 END OF FILE

44,000 NOTE: THE “LINE LOSSES® ARE MADE UP OF 2 OB FOR THE ASSLMED
47,000 S0% ANTENNA EFFICIENCY. FPLUS AN ASSUMED LINE LOSS FOR 140 FT
43,000 OF 1/2" HELIAX AT SARLE AND 100 FT OF. THE SAME ON THE MAINLANL

# EOF HIT AFTER 45, 000
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EDIT LONC14S

EDI
&#TY

T BOZ HERE 148 MHz, for the indicated system~parameters.(from C.R.C.)
1.000 TX:#5ARLE *LATS 00000 LIONG: « Q0000
2. 000 RX:#MAINLAND *LATH L Q0000 LIONG: = 00000
2. 000 ' . ' .-
4,000 COVERAGE: #RADL* DISPLAY: #BOTH® -

S3.000 FPREDICT: #5IG # FLOT DEVI#TEE #
A.000 METHOD:  #DETL#* H/D FLOTs#ND %
7.000 PROFILE: #USER# DIAGNCEET Y NO
2.000 PATH: #TERR# . _
2. 000 ‘ : ‘ DA

10.0Q000 VARIARLES:  FIREST LAST INCREMENT

11.000 AZIMITH « Q00 Raisly] » Q00 ;

12,000 DISTANCE 20,000 217,000 05,000

13,000 ERERLIENCY 142.0 " 148.0 142, 0

14,000 TX ANTENNA 20,00 TI0.00 20 . 00 :
15,000 RX ANTENNA  77.00 77.00 - 77.00/above sea-level

1&.000 : ) : -

17.000 POLARIZATION: s#tH# '

18,000 TIME SIGNAL EXCEEDED: S0.000% MONTH: O HOUR: ©

12,000 :

20.000 PORER: 15,00 WATTS

21.000 LINE Lnzs: ‘TX"gég 1) RX 2.8 DB

22.000 RX: ' BANDWIDTH L Q00 KHZ ﬁ DE NOISE FIU-

23,000 ’ ) . '

24,000 #FE# FACTOR: : 1.3338 _

25. 000 GROUND: #5 EA # - OND 5.000 FEEM 20,000

260000
27. 000 TX o ) RX

S 2R.000 CLUTTER: #NONE % * %%NHNE +* ¥ %

22,000 LOE TO CLUTTER 1000.0 - 1000.0 ‘

20.000 HT AROVE ANT LD ‘ . 0

21.000 DEPTH ALDNG LOZ ] 0

. 32.000 EXT ACRORZ Loz o) W 0
L B3.000 ~ : :

24,000 U”ER~“PELIFIED CONTOURS S NUMEER: O

5. 000 S

24000 RX ANTENMA GAIN: 11.@ dbi ' :

27.000 TX ANTENNA AZIMUTH/ZAIN(DR) S MLUMEBER 2 1

2. 000 L0 11.% dbi : '

29,000 - : _— ' '

40,000 INTERDECILE HEIGHT RANGE (METRES): W0

41.000 SITE ELEVATIONZ:  TX-1000.0 RX—-1000.0

42,000 TERRAIN PROFILE., DIST/ELEV: :

43.090 . Q0 -0

L1000 500 0
ﬂ.xuu 10,00 .1

44,000 330,00 ) _ -

45,000 . . END OF FILE S :

4%, 000 NOTE: THE -“LINE LOSSESZT ARE MADE UF OF 2 OB FOR THE AZSUMED

47,000 207 ANTENNA EFFIIIENIY7 FLLIS AN ASSUMED LINE LOSS FOR 140 FT

42,000 OF 1/2" HELIAX AT SABRLE AND

s

EOF hit after

Figure A-5: Printout of calculatibnsvper—

4=, D00

taining to the Sable-to-mainland péths-on

p.A-5

100 FT 0OF THE SAME ON THE MAINLAND.
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Figure A-7: :Printout~of calculations pertaining \ P.A=7

to the Sable to mainiand path on 431.950 MHz, for

- the indicated system-parameters. {(from C.R.C.) .
TX:#=ARLE . #_AT: L Q0000 ONG: = QODO0

RX:#MAINLAND - # ATz | 00000 LONGE: 00000

COVERAGE s ®*RATI % DISFLAY: #RBOTH*
FREDICT: #2IG # FLOT DEV: #TEE *
METHOD: #DETL# H/7D PLLOT:#ND ¥
FROFILES ®LUISER% TIAGNOST: =N %
FATH: #TERR®

VARIARBLES: FIRZET LAST INCREMENT

AZ IMUTH « 000 « OO0 . Q00

DISTANCE 20,000 319,000 05,000

FREBLIENCY 472,00 43,0 43z, 0

TX ANTENNA TE0, 00 =0 . 00 20,00

RX ANTENNA 50,00 50, 00 50_00} above sea-level
FPOLARIZATION: #H¥* : : . '
TIME SIGNAL EXCEEDRED: =0.000% MOMTH: © HOUR: O

FOWERS . 15,00 WATTS
LINE LDss: TX S.4 DB RX 4.4 LR e
RX: , BANIDWIDTH L OO0 EHZ ' L0 DB NDISE FIG

k% FACTOR: v.Eas
GROUNMD: #3EA & TN =, G100 - PERM | 20,000

: ™ T ) RX ‘
CLUTTER: #NONE % #* ##NOME 0 % %
Lo TO CLUTTER S 100D.0 - 1000, 0 -
HT ABOVE ANT I« D W0
DEFTH ALONG DS ) N B
EXT ACROSS LS. L0 . 0

USER-SFECIFIED CONTOURS: . NUMBER: O

RX ANTENMA GAIN: 0.7 dabi
TX ANTENNA AZIMUTH/GAIN(TE) CMUMBER: 1

Y & BT DA 3
o ani

INTERDECILE HEIGHT RANGE (METRES): e
ZITE ELEVATIORE: TY—1 0000 L RX=1000,0
TERRAIN FROFILE. DIST/ELEV: S

Q0 A
S5.00 . 0
10.00 o1
R0 00 s

END OF FILE S .
NOTE: THE “LINE LOSSES” ARE MADE UP OF 3 DB FOR THE ASSUMED
=07 ANTENNA EFFICIENCY, FLUS AN ASSUMED LINE LOSS FOR 160 FT

A, 000 OF 172" HELIAYX AT SABLE AND lﬁﬂiFT OF THE SAME ON THEIMAINLQND
EOF hit after 48,000 o : ' :
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Figure A-11:

the indicated system—-parameters.

Printout of calculations pertaining

to the.Sable—té—mainland path on 431.950 MHé, for

(from C.R.C.)

TX:#SABLE

RX: #MAINLAND
COVERAGE: #RADL %
FREDICT: #5IG %
METHOD: #DETL#
PROFILE: #*LSER#
PATH: #TERR®
VARIARBLES: FIRST -
AZIMUTH . 000
DISTANCE 20,000
FREGLENCY 4220
TX ANTENNA 20O, 00
RX ANTENNA &OD L 00

POLARIZATICONE #H#

TIME SIGNAL EXCEEDED: S0.000% MONTHE O
FOWER:® 10,00 WATTS
LINE LO3S TX S.4& DR RX 4.4
RX: BANDNIUTH L0000 KHZ . .0
#E¥ FOADLTOR: 1.2z33 -
GROUND: #2EA +  COND H5. 000 PERM 80,000
TX : N RX
CLUTTER: HFMNONE % ¥ T RFNOME %
Los TO CLUTTER 1000,0 1000.0
HT AROVE OMT . 0 - 4
DEFTH ALONG LO= .0 ' s
.0 ' : -0

EXT ACROSS LOS

USER-SPECIFIED CONTOLRSS

RX ANTEMNA GAIN:

TX AMTENNA AZIMUTH/GAINCDR) S

. 0 1 W 0 dbi

INTERDECILE HEIGHT RANGE

#LAT: .00000 LONG:
#LAT: . 00000 LONG:
DISPLAY: #BOTH#

CPLOT DEV:#TEK #

CH/D PLOTz®NDO %
DIAGNOSTEs#NO 3

LAST IMCREMENT.

. D00 L0000
219, 000 uﬁ OO0
_..s..:nt)' 4‘.:.;1'.()
:?.?Q : d?.?@
&0, GO0 &HO L, 00

NUMBER: O

15,0 abi
. NUMBER: 1

{(METRES) &

SITE ELEVATIONZ: TX=1000,0 R¥X=10G0.0
TERRAIN FPROFILE. DQIST/ELEV:
. 00 L0

5,00 £

10,00 -1
,_;U 00 L0 o

END OF FILE .

NOTE:D  THE “LINE LOSSES ARE MADE UF OF 2 DR

Z0% ANTENNA EFFICIENCY,
SABLE AND

OF 172" HELIAX AT
45, a00

FLUS AN ASSUMED LINE

L0

100 FT OF THE ZAME

p.A-11
. 00000

- Q0000

oy

above sea-level

HOUR: ©

ne
DE NOISE FIG

THE ASELUMED
FOR 140 FT
TN THE MAINLAND.
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Figure B-l: Coordinates, elevations, and great-circle distances .

pertaining to the various sites. (from C.R.C.) .

COORDIMATES FOR SABLE ISLAND FRDPAGQTIDN

Arntenna site on Sab]e Island
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