Title page o

BN
5N
\_./\\\\
N
X
?Q "Polarization dependence of VHF propagation
characteristics over a very long East Coast path"
N (Final Report for the period.Apr.1/81 to Mar.31 /82)
N
f) W.P. Lonc (Principal Investigator)
A Physics Dept. ;
: Saint Mary's University
“/’(f'\\ Halifax. N. S.', BBH 3C3
@
Ly L ki
SR : Industry ¢
\; E Lit)rar\r/y 5 Q??ina !
* AW 16 |
iz
) 'fﬂ.dusme Canada f
\\\L Sibliothéque - Queen _é

3

Work performed under contract serial #0SU81-00023
and DSS file #09SU.36001-’.'L-022’+




Table of Contents

Summary of work performed between Apr.l/81 and Mar.31 /82

Preface

Chapter 1: Propagatlon on VHF from Sable to malnland Nova

‘Scotia. .
Chapter 2: Propagation-statistics for Sable to Seaview on 142,605
MHz, vertically. polarigzed.

Chapter 3: Differences in time~occurrence of fast-fading on the

Sable to Seaview/Arichat path.
Chapter 4: Miscellaneous observations.
Chapter_ 5: Conclusions and Recommendations.

Appendices: , :

A: Check-lists of available informatioh on eaeh(daily) 'data panel'.

B: Photographic prints of 'data panels for May, June, July{except
'the'last Week), and October, of 1981. .

— o d— —

C.“leferentlal tlme-dependence of fading at Seaview end Arichat"
(May 8, 1981). _

D:"Comparison of Received signal strength from horlzontal and

B ~ circular polarization at VHF(147.850 and 147.950)"(May 13/81)

E:"Supplement to: leferentlal time- dependence of fadlng at Sea~
‘view and Arlchat"(June 19/81)

"Comparlson of 147.950 and 431.990 MHz receptlon at Hallfax

originating on Sable Island"(Aug.l13/81).

G: "Dime— ~occurrence of fading in three separate channels at SeaV1ew"

(Sept.19/81). |
H-"leference in Propagatlon on. 147 950 and #31 950 MHz from Sable
' Island to Hallfax"(Nov.ZB/Bl) ' o
I:"Differential time-dependence of fadlng at Seav1ew and Arlchat‘
_Supplement #2"(Dec.30/81).




Summary of work performed between Apr.1/81 and Mar.31./82

1. Collection and some processing of propagation data from

Sable to Seaview on/142.605MHz, vertically polarized,

from Dec./80 to Feb./82; virtually uninterrupted record.
The acquisition of this data is continuing.

2. Collection and some proce531ng of propagation data from
Sable to Seaview onV147 995MHz, horizontally polarized,
for most of 1981. The acquléitlon of this data is continu-

ing.

3. Collection and some processing of propagation data from
Sable to Halifax on|147.950MHz, horizontally polarized,
for most of 1981. The acquisition of this data is con-
tinuing.

4. Collection of propagation data from Sable to Halifax on
431.990(1ater{£21;2222§§3} horizontally polarized,
for part of 1981. The acquisition of this data was re-
cently interrupted due equipment malfunction, and is
expected to resume by the end of April,1982.

5. Some preliminary observations comparing VHF and UHF
propagation on the Sable to Halifax path.

6. Some preliminary observations, with some processing,
comparing fast-fade occurrence under various conditions,
on VHF, for the Seaview/Arichat area.

7. Installation of a receiver/recorder system on Sable Island
to monitor a commercial FM station, to provide
data on the Halifax to Sable path.

8. Installation of a UHF beacon(2.3m dish,etc.) on Sable;?70cm band.

9. Installation of a UHF antenna(l.3m dish) on Sable;23 cm band.
The transmitter is to be installed by the end of April,1982.

10.Preparation of 'data panels’, consisting of 24-hour displays
of propagation and weather data for 1981l. These displays

(or montages) facilitate comparison of data for a given day.

11. Preparation of photo-prints(reduced size) of those data
panels which were complete at the time ,of writing this
Report.



PREFACE i ‘

The primary purpose of this contract was to obtain
VHF prapagation data for the contruction of models of VHF
propagatlon phenomena over long over-sea paths. These -
models are required for the determination of 1nterferenoe
and service ranges of maritime and off-shore VHF stationsg.
A secondary purpose was to begln a prellmlnary program of
gsimilar observations in the UHF(70 cm) part of the spectrum.

VHF propagation meaeurements, therefore, were continued
from the previous contract, using both Vertical and hori-
wzontal polarization over two relatively long over-sea.paths,
between Sable Island and the Nova Scotia mainland. Orie path,
approximately 200km in length, is from Sable to the south-
eastern area of Cape Breton(Seaview and Arichat), and the
other»path approximately 285km-in length, is from Sable to
Halifax., Flguresl 1l to 1. 5(1nclus1Vely)prov1de 1nformatlon
'on locatlon and relatlve orlentatlon of the varlous sltes_‘
mentloned in this. Report. _ D FEERS ? S

‘Maritime Telephone and Telegraph Company(MTT) oontlnued
to provide space and equlpment, both at Seaview and Arlchat
as well as access(for recordlng purposes) to receivers at
both of the sites. The MTT receivers were tuned to the MTT
transmltter on Sable(1l42.605MHz )¢ this is part of a duplex
telephone link.

Propagation data was obtained, virtually without inter-
ruption from the. end of December, 1980, to the time of writ-
ing this Report, for vertically polarized radiation at 142.
605MHz. In addition, metereological(‘'met’) data was obtained
from three places: the Sable Island Upper Air station(appro—
ximately 1l.5km east of all the signal sources mentioned in
this Report) ;Shearwater air-base.(approximately 7km east of
the receiving site at Saint Mary's University(SMU}} and
Eddy Point(approximately 30km S-W of Seaview, and 20km W




of Arichat). Propagation of horizontally polarized radiation,
on 147.995MHz towards Seaview, and 147.950MHz towards SMU
were_aiso monitored, but for a somewhat shorter period of
time. Appendix A 1ists all the charts containing propaga-
tion and 'met' data available. Appendix B contains-photo
prints(reduced size) of all data sets(on a daily basis)
which were in a complete form at the time of writing this
Report. ‘ '

In addition to the long-term, continuous data acquisi-
tion on propagation and 'met' factors, a number of éncillary
tests and experiments were performedz‘differences in fading
between Seav1ew and Arichat; dlfferences in fading at Sea-
View due to antenna helght differences in fadlng at Sea- j,”"
view due to frequency and polarlzatlon. and dlfference
between VHF and UHF as monitored at Halifax. o

The 10ollowlng chapters dlscuss the varlous items mentlon—
above in more detail. The Appendices contain the complete
set of Preliminary Reports which were sent to the Contractor
at various times during the year, as well as a serles of
photoprints showing 'data panels® for approximately 4 complete
monthso ‘

Discussion of eguipment and experimentalvprocedufes are
found in the various Preliminary Reports(Appendices C to I
inclusive). o ,

Finally, the author wishes to acknowledge generaus a551s~
tance from the following: Maritime Telephone and Telegraph
personnel at the various sites; Mr. R. Schultzi Mr. G. Ratto;
Mr. Elmer Naugler;'Mr. W. Rawle; and Miss Jennifer Wells; as
well as Dro.J. Whitteker, Mr. Robert Bultitude, and Mr. Charron,
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1l

Chapter 1l: Propagation statistics for Sable to Seaview on
142.605MHz, vertically polarized.

1 ~-1: This chapter contains a Very cursory,preliminary,attempt
to correlate the observed propagation on the Sable to Sea-
view path with the available surface ‘met’ data. In parti-
éular, only two features of propagation will be examined:

noticeable attenuation, marked by relétiVelykgradual transi-
tions; and»enhancéments, marked_by'reiatively sudden transi-
tions. For‘examplé, the'data panel® for Mayfl'exhibiﬁs a ‘
pronounced attenuation(gradual) during the eariy paft of
the day, taking into account the fact that the charts for
Seaview and Arichat are associlated with FM receivers(hence,
limiting). The 'data panel®’ for May 11, on the other hand,
exhibits a sudden enhancement, again, during the-early part
of the day.

1-2: In the attempt to correlate propagation behaV1our with
surface 'met' data, it should be noted that the 'met' data
could, perhaps, be of very limited significance. For exam-
ple, on Sable Island, the "met’ data is gathered at a point
approximately l.5km east of the beacon site, whereas the
propagation is in the fourth quadrant(of the compass) and
presumably depends on "met' factors in this same,quadraﬁt.
Similarly, for the Canso Straits area, the 'met’ data is
obtained at Eddy Point, which is approximately 30km trans-
verse to a line joining Sable and Seaview, and approxi-
mately 20km transverse to a line joining Sable and Arichat.
For the Halifax area, the ‘met’ data from Shearwater re-
presents conditions approximately 2km transverse to a line
joining Sable and SMU. Of the three cases, only the last
one appears to represent a relevant sampling of the sur- |
face 'met’ conditions‘along the propagation‘path. However,
even in this case, there is:some question regarding the
significance of the 'met' data inasmuch as it seems probable



that the 'met' conditions along the initial part of the
path, rather than those along the flnal part -of the path,
are really the relevant factors. ’ ~ ‘

1-3¢t Hence, it is taken to be probable that the surface ‘met'
data for Sable Island will not always appear to correlate
with the propagation from Sable because the propagation
is_presumably determined to a large extent by the 'met'
conditions west  'of the antennas; in particular, it is
presumed that the conditions near the water from the Island
to the horizon are the dominant factors. Hence, any dis~"
continuity in propagation may or may not be accompahied .
by ‘a discontinuity in the Sable Island 'met' data for the
simple reason that this 'met' data dogsrno% apply to the
westward part of the region.’

1-4: With these preliminary considerations in mind, a cursbry;, B

examination of the data panels(in Appendlx B) for May, -

- June, July(part), and October, suggests that there is no
clear-cut correlation between the propagationAdata in this.
Report and the 'met' data in this Report. Occasionally,
however, there isAcorrelation, such as for June 20(see
enlarged photoprint, p.1-3). Here, there is a correlation
between rain on Sable Island and gradual attenuation at
all three receiving sites. Since there is no concomitant
precipitation feported at either Eddy Point or Shearwater,
then it would appear that precipitation at the beginning
of the path is the significant factor.

If the sudden enhancements are examined, such as for
early and later parts of June 20, there appears to be no
corresponding discontinuity in the ‘met' data at any of the
sites, except perhaps the discontinuity in ‘'cloud amount'
and 'cloud ceiling' for Sable and Shearwater. However, even
here, the correlation exists(perhaps) for the discontinuity
in the early part of the day, but does not exist for the dis-
continuity towards the end of the day.
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Examining the data for May 11(also on page 1 -3), sudden
enhancements again occur: in the early part of the day for
all four monitors, and the later part of the day for the
3 monitors in the Seaview-Arichat area. There is perhaps
some correlation bétween the first enhancement and the
~'cloud ceiling/cloud amount' data for Sable, but similar
discontinuities in °"cloud ceiling/cloud amount' for Sable
later in the day argggccompanied by enhancéments. Regarding
‘attenuation effects, which begin< around 10AM in the Sea-
view/Arichat data and around 1PM or so in the Halifax data,
the only precipitation reported is a light rain in -the
Shearwater data; there is no rain reported at either Sable
Island or Eddy Point. ‘

In general, and by way of a very tentative and approxi~
mate statement, it is observed that there is some correlation,
for the four months in question, between precipitation at.
Sablé and gradual attehuation in propogation. Regarding fhe
sudden enhhancements, however, there appears to bée no corre-
lation whatsoever. These observations are made on the basis
of a cursory visual examination of the original data panels.
It is again noted that the 'met® idata in this Report repre- ‘
senfsf'surface' weather conditions.. . o e 1-j‘f:. o
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Figure 1.1: General coast-
line features and orientat-

ion of transmission paths.
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Figure 1.2:General coast-
line features and locatinon
of weather stations.

Cape
| Brefon
(. lsland

;,f’A?SEAVIEVI
—ARICHAT

Prince Edward
"\ _sland |

22
rig
'_}12! . ::"f 3 5

a9 Eddy Poinf

Shearwater

SABLE I,

Sable Is. Upper Air
Station-(1l.5km east
of West Light area)

Note: All the beacons and
transmitters mentioned in
this Report are located ir
the West ILight area.



1-7

‘mm i % | Figure 1.3: Coast-line fea-| RED IsLANDS g~ Jofastown
Yok : S %| tures of the Seaview-Arich- '
R Kingsville /« BigBrook LM at area, and location of g
antenna sites. arrison Hd. WILSON I, . \
) Macrae Pt. Lom
08 e e EVANS I. RiveL C
Y. Pringle C ““Nay Cove
AREE g O:‘- 5 Gegi:e LB
P Oban CHAPEL
e\ % Mclnnes Pt. “ ‘ N 6 L St Mackay . : A 'N'D‘
iy e anoel 4. , (.;,,f,'f[!ch.léwe Ly ‘ \ Soldiers Cove
¢ 1 lseaview L M.T.T. tower]) .,
) 3 i COOp I YING g - Barrahead s,

. Long L. ¢
t. Peters

Loch Grand RiverJ

Cailean

o |
.Peter| " t }
Bay ¢ “\L'Ardoise |

: C@ . Mlower UArdoise
™ B ST. PETERS I @P“
A » Cap Round |
d‘: La Ronde Micl

A
Poulamon

R/ Inhabitants .

Bay MACNAMARE ISLE
I Glasgow PtL=" — = Bhak Pt. |
/ RABBIT I. G l‘"fé‘ggq
e Bear Head "M ADA M g BAY
Shoaw L, 0

d Poin! D~ ISLAND L= S TS
——— A2 PETIT-DE-QRAT ISLAND
C ] ) ”
Lddy point 1) CRICHTON . E i e :
JERSEYMAN & {tle Anse
¢ “ R Cape Argos {\‘)‘ e
e King Point v S 3
March
l’llor::nte

e,
(S

Oyster Point

Porper Pt. %

| 3

ged Hd. C H:E: D=AvB U-€.T20 B Y sy ! ®
b S ‘%ﬁ :
\).
®
% >
:m“p Gaulman pt,__Black Pt. oFOXI. 2

> Big 8
:f—".\

. 3
Philips Three Mile,
Lon,
Harbour L. h A
Oueens Port River,
i Bk. Lookout
Smel [ Otter ' T v
3 % Hill {
Third . e
One inch equals approx. 4.5 miles or 7.25 kilometres
S, dmy 3 Y 9 5 10
miles - { miles
kilometres —F——F——F : : g kilometres
§ 0. S 0 5 10 15



1-8

Filgure l.L: General feat-
ures of the Halifax area,-
showing Shearwater and

. Saint Mary's University sy e
DA . : N
- AN NN TR
IulD < \‘ \ . '->'P St(z_l:l_ / T_:;'_ ¢
W\ N Lake-2 Prestovtoy: | 3% ‘ﬁ
\ \ ‘ Q_/e\t:\\* djor A p ‘%A/ ‘Jé
s N &zuu{u f ) Brouk VS 4 RN
& = L -)I) S \\ \\ @,9
=5 Jupm:l ot \ -~
® P "'_}%ﬁ%“ \ \ Po l‘(_ake\ [ o N AN E
o ( o : /d C\ \ 3 U r inéevi .
. =, ,° Jrta ﬂ/(r‘ B r) \ \ 328 s pp i Al
> iC R - :
Gireh Cove &%’ :' \( LN ‘\1 f// l’ \Black
G e Westphal< \Q ‘x N ST 2R i \ \/ q
Ay N '-' =Ji¢
2 . Colé Harbourg -
%}m’ Nz, d \\ S W_O ?Xawn - 4 . eaforth (;
—, 2 G . Lo N 33‘{1\ G Story
. . g : \pGaetz e
Faywie - - We . » J Head "2
'\ h e arbour awrenceto ) > ,/ .
\ li i 73 k N . ,\,Lue ! Sl(alllarii Head
e s \'\l i) éﬁ Swre cet N ’y ! {\8 eslie Islan
S - NPT GETO a{,\,jﬁ Rudey Head
Ty jeorges Fox- 0 - Beach\ e dawdr Three Fathom Harbot
D Island : . |point*" Terminal OME N Wed ’
I\ : ' : - Beach- Giaham -;‘5-»\;Wedge-lsland~--~
: MR [ T Head |~ ‘
ey AR . - .  Shut-in
N A am e o Vlsland

a Lake

Y Hi

A%'-—'%, A% Spryfleld %,fea

WK treet Map
Q.. "*'"ff“‘“f N
Petsfield, \ \*\ c

. \ A (‘u&:nm?3 -1
e N o ak% v C
. \; - \\, &( I’nnaﬁls |

7
ain

e z -

o : (=

Od\l :((s{on x/-\ﬂg\‘ /%

Oh. Hartlen Pt
Sandwich Pt S 8?91\/”%
slan

i

LN s B\ %
f N} | W . = r - ] § .
R Y

"“’(’;\': «,;‘"“J )‘. > «~/\\Bear Cove B
Wy, B ,\\Black Rock Pt - '

~/ SE MIDlNGE E s} Portuguese Cove . .
N (} (\' "M ﬂCA f ERDOWN’ Puuuqumn Cove
s AL HILL )7
i Ki JL(HO\[‘I k \ S A .

{{Lake o
: \3 Third Pand ,\\FCHA/%‘ N Firs
= ~ Hil yf‘& s Chebucto Hd

& ( A~ A Duncans Cove
a\Sambro K erch\ . - .
\,}\:\‘ Basin., Harhour) QYL

)
L,

Keteh-H

e

} ad
Spllmose Pt

mbro
d

Morris Pt =

,,r\‘“e\
erC™ Lo -
bro Island LA o - A
Fairweather & SR [ Klometres: 407, = . ;oS kilometres
ROC %,\ leambro : . D o LA m A :
[ Island ] R ©oomlles § .3

“miles

At Pt




Figure 1.5 . General features of the west end o
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Chapter 2: Propagation statistics for Sable to Seaview on.
142.605 MHz, vertically polarized.

2-1 Propagation data for the telephone link from Sable Island

to Seaview on 142.605 MHz(vertical polarization) was obtained -

" on an almost continuous basis from December 23,1980 to the

time of writing this Report. Each 24-segment of the original
chart-reeording was examined visually,'and an estimate made of
percentage usuable time' w1th reference t0.a 0. 2 microvolt datum’

line as well as with reference to the fading behaviour. Hence,

the estimates are rather qualltatlve, and represent what is

thought to be a 'worst case' interpretation of the data. This

data is displayed in Figure 2-1. The daily estimates were then

averaged for each calendar month, and these monthly averages

are shown in Figure 2-2. The monthly averages were then averaged

for a 12-month period, giving approximately 75% for the ‘percent

usuable time’ on this link. This is thought to be an'worst‘case°

value. ' ' '

2=2 On the basis of several experlments in which. chart—recordlngs "-w

were made at hlgher feed- speeds so that the 31gnal's tran31t10n~ ‘
rates could be observed to w1th1n 1 second it was noted that -

much of the fading was shortmllved(l second or so) suggestlng the h
conclusion that estimates of usablllty,as obtained from the normal
feed-speed recordings(18"/24 hrs) tended to be too pessimistic

. by as much as 50%(see paragraph 2-8 in last year's Report) for -

a period of time marked by frequent fast-fading. Evidently, this
correction factor would not apply to periods of time during which

there was long-term drop-out of the signai below the 0.2 microvolt
datum. , ' |

2-3 Hence, the actual value for the‘percent usable time’aﬁeraged '

over one year 1is thought_to be perhaps as much as 10% . higher, which

would mean that the‘percent usable time’ averaged over one year

could be as high as 85%. '
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Chapter 3: Time-occurrence of Fading on the Sable to SeaV1ew

path at two VHF frequencn.eso

3-1: Observations, with associated statistics, were made at

Seaview and Arichat of the time-occurrence of fast fades for
purposes of possible diversity configﬁrétions to improve the
'percent usable time' on this link. More detailed discussions -
of (the experiments are contained in the Preliminary Reports
(Appendices C,E,G, and I of this Final Report). Several con-
figurations of the experiment were employed, as described
below.

3-21 Cpmparison of the signals at Seaview and Arichat on 142.605

MHz. This constltuted a simple one-variable dlver31ty

experlment where the geographlcal separatlon 1s thought to
- be the only s1gn1flcant difference. between the two sltes. The -
original data is contained in Appendlces C,E,. and I,_represent- B
ing approximately 1, 2, and 1 hours, respectlvely,of observation
time. It was found that a 31gnlflcant number of fades at Sea~
view were not coincident with fades at Arichat, thereby suggest-
ing that diversity could be useful. \

In reference to the three experiments, 1t was observed
in the first one that the drop-out time due to fading could

have been reduced at Seaview by a factor of about 2, if diver- .

sity had been used; in the second,'the drop-out time could have
been reduced to zero; and in the third, it was estimated that
drop~-out -due to fast-fading could have been reduced by a factor
of about 8.

3-33 Comparlson of the signals at Seaview at two different anten-~

na heights, at 142.605MHz, vertical polarlzatlon. The original

data is in Appendix G, and represents an ‘observation of approxi-

'mately 24 hours duration. Only a sample of the original chart-

recording is included in the Appendixo' In general, the experi—'
ment 1ndlcated that the difference .in antenna helghts was clear—
1y a53001ated W1th some non—001n01dence between fadlng eVents.
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It was estimated that of a total of 30 fades in the premium
channel(called MTT#1), connected with the top-most anten-

na on the microwave tower at Seaview, perhaps only 5 of

~ these were fully coincident with fades in the second chan-

nel(called MTT#2), connected: with an antenna only at the
mid-point of the tower. In addition, it was estimated that
perhaps another 10 fades in the MTT#1 channel were in par-
tial coincidence with fades in the MTT#2 channel. Here again,
a diversity configuration,between antennas at different
heightslat.Seaview, could have reduced the total drop-out
time. ‘

3-4: Comparison of signals at Seaview at two different frequen—

ciegs and two different polarlzatlons. The original data is in
Appendix G, representing approx1mately 22 hours of observat-

tion time. Briefly, the experiment entailed signal gtrength
measurements for two channelsg:MTT#2(142.605MHz,vert.pol.) and
SMU (147.995MHz,hor.pol. ). The antennas associated with these
receivers are within 2 meters of each other, at the mid-point
of the tower. A cursory visual examination of the data indi-
cated that perhaps fewer .than 50% of the fades in the two

:»ohannels 001n01ded 31gn1flcantly. Inasmuch as thls experlment é}-
is a function of at least two varmables--frequency and polarl—ﬂ,”f,'”

zatlon——the dlfferences in fading behav1our cannot be per—f
sua51Vely ascrlbed to Sither one of. the variables exclu51vely.

3-5: Comparison of signals at Seaview combining three variables:

frequeneéy, antenna height, and polarization. This experiment,
comprising all the results given in Appendix'G, combines the
observations in paragraphs 3-3 and 3-4 above. In other words,
there are three signals being monitored: one on MTT#1(142.605
MHzm vert.pol.), antenna on the top of the tower; oné_on'MTT#Z
(142.605MHz, vert.pol.), antenna at the mid-point of the tower;
and one on SMU(147.995MHz, hor.pol.), antenna at the mid-point
of the tower. The configuration of the experiment was deter-
mined,primarily from the equipment(receivers and antennas) al-

ready in place. In general, it.was observed that there was no

‘
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full coincidence of fading among the three channels. In
particular, of 22 fades in the MTT#1l channel, there was

only one fade from the remaining channels in full coinci-
dence with MTT#1l, and perhaps 5 fades which were in partial
coincidence. The observation therefore indicates that at this
receiving site, there is a difference in fadingAbehaviour
which appears to be a function of frequency, antenna height,
and polarization.
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Chapter 4: Miscellaneous Obsérvatidhs

1t Comparison of signals from horizontally and circularly
polarized antennas on Sable at 147.950MHz and 147.850MHz
respectively. The original data for this experiment is

found in Appendix D; and represents a semi-quantitative
observation inasmuch as no chart recordings were produced'
for the circularly polarized signal. The experiment was
performed to enable a preliminary look at the possibility
of significant differences in fading between plane(hori-
zontal) and circular polarization on the Sable to Halifax
path. It should be noted that the channel involving circu~
lar polarization actually consisted of only one circular-
ly polarized antenna: the one on Sable. The receiving an-
tenna at SMU on this channel(147,850MHz) was horizontally
polarized, it being assumed that this arrangement would
give at least some indication of a difference between the
. two channels. It is also being assumed that the differen-
N " ce in frequency between the two channels is not signifi-
cant. The .faet that the receiving antenna on 147.850MHz
was horizontally rathef'than circularly polarized stemmed ‘
from the fact that this was the only anﬁennna available at -
the time. o : o o
The experiment,‘consistihg“of some ZQ-Observatiéns;
each of approximately 5 minutes duration, was performed —dur-
ing the latter part of April .and the early part of May,1981.
In general, 1t was observed that there was a notiqeablé_.
difference between the two channels in terms of fading
behaviour, and that the signal from the circularly polari=-
zed antenna on Sable had noticeably less fading assocliated
with it than the signal from the horizontally polarized

source.
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L-2: Comparison of signals on VHF and UHF on the Sable to

Halifax path. Appendices F-and H contain reports and data
on preliminary experiments to compare VHF(147.950MHz) and
UHF( 431.990, and later, 431.950 MHz) reception on the
Sable to Halifax path. In both channels, horizontal polari-

zation was used. . ,
The first experiment, in Appendix F, compares signal

~ strength at two different locations in the Halifax area;;

the VHF signal was monitored at SMU, but the UHF signal
was monitored at the residence of Mr. Elmer Naugler . A
recelving system on UHF at SMU was not available at this
timen Supplementary observations were made by Mr. Robert
Schultz. |

The second experiment, in Appendix H, compares signal
strength at SMU(the UHF frequency was now 431.950MHz) for
both channels, and represents reception at .antennas loca-
ted within a couple of meters of each other. In addition,
some further data was obtained at various times during
the winter of 1981-~2; some of thig data is in the form of
chart recordings, and some as occasional listening tests.

In general, it has been observed that the UHF signal
has been noticeably more intenée and noticeably less mark-
ed by fast fading than the VHF signal. This was especially

apparent during the winter, during which time the VHF
‘signal was often not detectible, whereas the UHF signal

was almost always detectible. Although the difference in
antenna gains might be adduced as a reason for the dif-

',ferenCe in intensity, it should be noted that the UHF

antenna's optic axis is at least 6° south of the line
joining Sable to SMU. If the frequency-dependent path
losses are also taken into aCCOUnt,'thén a very approxi-
mate calculation(free space model) suggests that there
should be an approximate equality between the VHF and UHF
in this case.'Hence, the.observed superiority of the UHF
propagation in this éase is considered to be anomalous.
By way of footnote, Mr. Schultz's observations con-
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‘ formed the orientation of the UHF's beacon.
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Chapter 5: Conclusions and Recommendations

5=-1: \On.the basis of the obserVations in’Chapter 1, it couid

be concluded that the available weather data shows no correlation -
with the propagatlon data, especially in reference to sudden
enhancements in signal level. There could be, however, some:
non-insignificant correlation between precipitation(as re-

ported for the surface), but a more detalled analysis of the

'data panels' would be required. Presumably, given the rela-
tively large geographlcal area, there could be precipitation

o

events(locallzed) along the progagatlon paths which would not . 4
be observed at the weather-reporting sites. “‘ )
In reference to possible dependence on polarization, the

VHF data for the Sable to Canso Straits path does not exhibit
any readily discernable‘difference.-The»comparison, of course,
is complicated by the fact that the two MTT receivers are ac-
cessed in such a way that the signal-strength voltage is taken
from a point in the circuit after limiting. Hence, on the basis
of the avallable dafa, polarization is not relevant. It should
be noted, however, that the data is being examined in such a

- way that short-term depolarlzatlon effects——ln the order of av_'

few seconds—-would not be apparent in the course of a- cursory
examination of the data° Hence, depolarlzatlon could be present
but on a short time-scale.
5-2: On the basis of the observations in Chapter 2, there is
a marked seasonal dependehce of signal strength on VHF between
Sable and the Canso Straits area, going from virtually 100%
usability in the summer months to, perhaps, 50% in the W1nter.
A 'worst case' average value for the. vear appears to be in the '
order of 75%. 1f account is taken of the fact that most of the
fades are relatively fast(l second or so in duration), then the
average value for the year could possibly be as high as 85%,
and this value is predicded on single-channel reception. .
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5-3: On the basis of the observations in Chapter 3, it could

be concluded that fast-fades on VHF for the Sable to Seaview/
Arichat path show noticeable dependence on geographical sepa-
ration, antenna height, and some combination of frequency and
polarization. Hénce, a multi-channel recelver system, in a
diversity configuration,should show a marked decrease in
fast-fading in the combined system. , ' ‘

5-4: On the basis of the observations in Chapter 4, 1t could

be concluded that 01rcularly‘polarlzed radiation on VHF from
Sable to Halifax is noticeably less prone to fast-fading than

is the horizontally polarized radiation. Concerning VHF comparéd
with UHF, it could be concluded that UHF on the Sable to Halifax -
path is also less prone to fast-fading than is the VHF. In ad- ”
dition, the UHF propagation appears to be less prone to slow
fading(in the order of tens of minutes) than is the VHF. .

Recommendations

1. Continue data acquisition on VHF for the Seaview, Arichat,
and Halifax sites, to obtain improved statistics.

2. Undertake a more detalled analysis of the available data to
obtain some quantitative indication.of the correlation be-
tween discontinuities in propagation and discontinuities in
weather(surface).

3. Obtain upper-atmosphere data for 1981l(especially the summer)
for the Sable Island area, with a view to correlating tem-
perature inversions with sudden enhancements in propagation.

L4, Perform more detailed observatlons on possxble depolarlzatlonftfif/

‘events on VHF and UHFo:: . L - , e
5. Obtain vertical-profile Weather data on the West end of Sable gn
Island to enablea mordﬂetalled discussion of ‘duct- ass1sted°'
propagation over the Sable to Nova Scotia mainland path.
6., On the condition that a diversity system is installed(by
MTT)‘between Seaview and Arichat, monitor the diversity
system to determine the.éxpected improvement in fast-fade

compensation.
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7. Undertake observations in the 230m'bahd(l296MHz Amateur
band) on the Sable to Halifax path, to determine a pos-

sible upper limit on the anomalous propagation observed
rdn 70cm.
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Appendix A

This Appendix contains 'check-lists' of available charts on
each 'data panel’. ‘

A daily 'data panel' is a montage of graphs and chart record-
ings displaying propagation and surface-weather('met') data,
as available. In some instances, the 'met' and/or propagation
data was not or is not avallable, either in part or in whole,
for that particular day. The check-list indicates, therefore,
the current status(at the time of writing this Report) of
each daily 'data pariel'° In the case of surface 'met' data,
lacunae might be filled at some later time as data becomes
available from the appropriate data-gathering agency. The
original ‘data panels' are being stored in the Archives of
the Principal Investlgator, and are avallable for inspection
and/or copying. '

The various charts and recordings for a given day are always
placed in the same position on each 'data panel'(except for
May 1/81 to May 7/81) to facilitate comparison between "data
panels'. The panels for all of May, June, and October, 1981
as well as July 1 to July 24, 1981, are Consldered to be
complete, in the SQnse that all the presecribed surface met'
and propagation data was available(a total of 10 charts per
panel). These particular panels have been photographed, and
the reduced-size prints are given in Appendix B of this Re-
port. Although the reduction(from 136x90 to 10x6.5 cm) renders
most of the alpha-numeric characters illegible, the general
trends in propagation and surface weather are easily discern-
able, and a closer study is possible by either examining the
original panels or perhaps obtalning larger(and more legible)
prints from the film negatives. Hence, these reduced-size
'data panel’ photographs functlon prlmarllyas a °table of.
oontents or ' 'index' to. the orlglnal panels-’ USRS a
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Appéndix A
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Appendix B

This Appendix contains photographic copies of the original
. 'data panels'. The originals are approximately 136x90cm.

The panel for May 11, 1981 is employed as an example showing

the identity of each chart on a panel. Note that the panels

for May 1/81 to May 7/81, inclusive, have the Eddy Point

graph for sea-level pressure located where the Seaview reception
on 147.995MHz is located in subsequent panels. The blank area

at the bottom of the panel 1is to allow for inclusion of addi-
tional data at some future date.

Propagation at Seaview Propagation at Arichat
on 142.605MHz(V) on 142.605MHz(V)

Propagation at Halifax
on 147.950MHz(H)

Surface 'met' L : : Surface 'met’
at Eddy Point Fuss pferiire corbenmRTRRE St ererie o T 2 at Shearwater
(Note#l) ' : — (Note #1)

— -

Propagation_. ‘F'm”’,‘,;m' ¥ ', Biiia

at Seaview

on 147.995

MHz(H). ~ — Surface 'met'
at Shearwater
(Note #2)

: e

Surface 'met’' ;77 \

at Eddy Point Surface ‘'met’ Surface 'met’

(Note #2) at Sable Island at Sable Island

(Note #1) (Note #2)

Note #1: This chart displays the following(top to bottom):
rglative humidity; cloud amount, cloud ceiling, temperature
(*c), and precipitation, etc.(known as SIGMET data).

‘ Note #2: This chart displays sea-level pressure only.
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{Appendix ¢} - .

leferentxal Time-dependence of fading at SeaVLow ahd'Arlchat

(preliminary report)

Prihcipal InVeétigator: W.P. Lonc, (Saint Mary’s‘University).
‘agssisted by Mr«_P.Fougere ( M T.%&T, New Glasgow) ’

_Date of Observationg: May 8 1981

Duration of Observations: one hour(?rom noon to lpm)

.Abqtract Time-occurence of fadlng events in a VHP(l42 605MHz)

carrier from Sable Island as received at Seaview and Arichat, were
measured slmultaneously at the two rece1v1ng sitesy S
' ‘ . Jo It was obserVed '
that there is a clear dlfference bOuh in ﬁhe number of fades and .

in the tlmemof—occurence of the fades between the two sites during

this observation perlod.

Introguction: The objective of the experiment was to obtain
statisticg on the fading events occurring at both Seaview and

Arichat, associated with a VHF signal originating at Sable Island. =
" The observatih period was one full hour, from noon to lpm, on

May 8, 1981. Significant differences in the fading between the
two receiving sites could lead to the conclusion that diversity
recepltion could be usefuls ' ' ' '

Bxperimental Details: | |

1. The radiation was veftically poja gbved at Sable, and the antennas_

at both Seaview and Arichat werel Vertlcally polarized.

2. The Arichat site is some 30 km closer to Sable than is Seaview;u'.

3."Tho two receivers are identical, except that the one at Seaview
has a preamplifier, produc;nﬁ some 6db additional galn, with
full llmltlng beginning at about 4.5 uV. Hence, it is exuected'
that the Seaview receiver will show fewer fades than the one "
at Arichat, even allowing for the path dlflerence(l.e. path ‘
attenuation). In this sense, the ‘Seaview system is taken to be
the 'better® . - - system. With a view to pos lble‘divérsity '

conflguratlons, any fades at Seavlew which are not 31mu1taneously,

accompanied by fades at Arichat will consbltute support for
"a diversity configuration between Seaview and Arichat,

4, During the observation, telephone contactkwas-malntalned-hbefween‘;

Seaview and Arichat, with the observer(Lonc) at Seaview verbally

gsignalling a number of callbration points. There were eleven of




)
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these points, and are so numberedlon the attached chart re¢ordings._.“
: The time-uncertailnty in these calibration points is no more than
about L second. The éhartf~recorders(EsterlinemAngus, galvanometer.
'Atype) were qperated at a charf speed'of'j/h" per minutes

Observations:The two chart-recordings are combined so that the

"calibration p01nts conn01de. Fades at Seaview are labelled A«l
A-2, ‘etec. on the Seaview recording, and these fades are then
extended onto the Arichat recording, where they are enclosed in
rectangular outlines. The fades at Arichat are labelled B-1, B-2,
etc., and are enclosed in round ouullnes. The follow1ng fades
are observed to comnc1de in tlme

#1. A2 and B2

s Ak " BS ‘ ‘ Note: simultanbi%y of fades does not‘lmply
: ' S 2 that the same event is causing the Lwo
#3. A9 " Blb - . fades. | S

#ve A0 "™ B16
#5. AL5 " B26

2.0f these five coincident fades, only two of them(#3 and #5) .
took the Seaview receiver below 0.2uv; for a ttotal time~out of
approximately 40 seconds. Note that the Seaview receiver is being
taken as the reference system. o o B
" 3.The total time-out due to fades in the Seaview receiver(ie, during

which the receiver Went ‘below 0.2uV) is approx1mdtely 100
- seconds. The total time-out in the Arichat receiver was 51gn1flcanbly'

higher; however, the Arichat receiver showed limiting on several -

occasions when the Seaview receiver was“fading(eg. A~1, A~3, A~5,.:

- A-6, A~7, A-12,A-13,A~1l, and A-16), which means that the Arichat . .
receiver could have supplied a satisfactory~signal~during’thoée )
times.

{

“Conclusg 1ons. On ‘the basis. of the observations contained in-this
Report, it is concluded that diversity reception could detrease
the net amount of time~out associated with fading. : )
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Recommendations:

4., From the point of view of 1adlo ~physics, 1t uoujd be more
1nformat1ve to have the full dynamlo range of the received
signals rather than the currently availlable '1imited® range.
Hence, it is recommended that a test-point be located or

established in the receivers ahead of the first-limiter
stage for purposes of recording. ‘

2. From the point of vieW‘of;comparing:relatiVe performance .

between the two sites, it would be preferable to have the
two sites equipped with identical receiver systems. Hence,
" it is recommended that the Arichat receiver be equipped
-with a preamplmfler. This gtep would then enable a more
meaningful comparlson between the two glie

3. It would be: of interest to proceed with a diversity ewpermment
involving the two vertlcallympolarlzed antennas at Seaview, which

are séparqted vertically by about 35 meters{the upper antenna is’
the Seaview:antenna menbloned in the Report). The only hardware
required to. proceed w1th this experiment is a preamplifier and a .
crystal for the receiver .assoclated with the lower antenna..Thls .f
experiment could show a fading behaviour which could be used to !
advantage in the overall communications Link.
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: "_Appendix D |
Comparlson of received signal sTrength from horlzontal and circular-
polarization at VHF(147.850 and 147.950 MHz)

(preliminary memorandum)

Principal Investigator: W.P. Lonc, Saint Méry”s University

ABstract: semi-quantitative observations were made on fast fading
{~1 sec. duration) associated with reception'of two beacons on -
Sable Island, as received at Halifax. The two beacons were ' »
feeding horizontally and circulzaly polarized antennas respec»ively;
" the receiving antenna was horizontally polarizedc It was. obqerved '
that there was much less of this fast fadlng in the 51gnal or1g1~
nating from the circularly polarized radiation.

Introductlon- The objective of this partlcular experiment was to

obtain prellmlnary observations of the time~dependent signal strength |
from two VHF(approx. 148MHZ) beacons on Sable Island; the. significant
difference between the two radiation sources was assumed to be priu. _
marily in the polarization: one of the‘beacons(l47.950MHz)'waS driving
a horizontally polérized antenna(yagi) whereas the other beacon(147.850
was driving a circuldrly polarized antenna(crossed yagis). At the
receiving site, only a horigontally pblafized antenna(yagi) was
aVallable for this prellmjnary observation, and it was assumed tha't
“this arrangement would suffice to detect any 31gn1flcant differences
(associated with polarlzatlon) between the two signals.

Experlmcntal Factors : .
l. On Sable Igland: Both beacons produce about 10W 1nto the trang-

~mission line, and both antennas have about 10db gains The: 01rcu1drlv'
polarized system consisted - of two crossed yagls w1th approprxate
.phasing harness(sense of rotation not notéd).

The beacon for the horizontally polarlzed antenna was T modulated
whereasg the one for the circular polarization was a keyed caxrler.
Both antennas have aclear view of the ocean. ' |

2. At Halifax(roof of +the Admin. building, Saint Mary's). A single
_hornzontally polarlzed yvagi, of about lOdb galn, fed1two receivers.

The FM reCelver had both audio - and chart_recqrder outputss:
‘the chart~record1ng attached to this memo are assocliated with this



particular-receivera The AM receiver had only an audio outpute
The receiverﬁ were operated simultaneously, and it was possible
to obtain an aural comparlson between the EWO signals. Lt was

found

that the two signalsg could be compared in a more comprehensive

~ manner by . . also iwatching the pen-recorder associated .

with the FM receiver({this pen-recorder was operating at a chart-
speed of 3/4" per min.) Hence, . the data in this>memo is semi-
quantltatlve in the sense ‘that the output from one of the re~
celvers was not belng rec“rded on a chart. .- , |

M

' gear‘ed9
3+ Procedure: As 1mp11ed above, the procedure was?to look for

_any differences in fagt fading between the two receivers. The

observations were carried out - gporadically: each ocbservation
period lasted for approximately 5. minutes. The observations took
place during the latter part of Aprll and the flrst few days of

) Mayo

ObqerVatlonq. On the ba51s of approxmmqtely 20 of these brief

observations, it was usually obsdrved -+ that over any of the
4

with the circularly polarized radiation was quite clearly less
than in the other signale. By way of olarification,'the'fading

in the I'M reéeiver wag_ obgervable both in the loudspeaker as
well as on the chart-recorder. A few of the observation anervals
indicated fading on both signals, but this was usually a rather
longer fading (i.e. more than 30 or so seconds). In short, when
the fading was of the 1 second{or shorter) kind, then theisignalx
from fhe_circularly polarized antenna quite cleérly showed much
less fading than did the other signal. In addition tQ the fading

‘ mentioned above, there were intervals, some lasting for several

days, during which ‘there was no dettectible aignal from either -

'beacon. However, the significant feature of the observations

in this memo remalns.le, the clearly fewer number of fades in
the cmrcularly polarlzed radlatlon as compared with the horlm'
rontally polarlzed radlatlon. ' ‘

% ~minute obserVatiéh intervals, the fadlng in the signal associated




P

Conclugion: On the basis of the observations in +thig preliminary .

‘experiment; steps are ba+nb taken to produce chart-recordings on
- the circularly polarized channel, so that a more quantitative Oomv

parison may be made. In addition, a circularly polarized antenna

is to be installed at Saint Mary's, so that the comparison be- .
tween the two situations(ie, horlzontal versus circular poldrlzatlon)
will be less amblguous.

1

Addendum:_Essentially the same observations as above were made at

a site near Mt. Uniacke, NS,by Mr. R. Schultz. There is no chart-
recorder at this site, the observations being on the basis of loud-
speaker output only. ' ' '

P




Pl bl L e GO 4 AR slap WS/ REmE DRTER R Ry ATRAERTRAG TSR ATY TR RS AM RETE S8 AL AW L
. . . "

FIGURE Segment from a cmrtmrecordlng of received smgnalwstrength

‘on the FM recéiver, recelving from the horlzontally polarLzod

antenna on Sable Island. In ‘the 5-ninute interval from 5:37 to.
842 pm, there are several definite fast fades. During this entire
interval, the signal from the 01rcu]ar1ynpolarnzed antenna on
Sable was practlcally constanﬁ(as determlned by 1lscen3ng to ﬁhe

_loudsgeaker). During the fast fades on the FM receiver, the

tonewwodulation,_as heard on a'loudspeakér;'was_heard to drop
rlght down to the noise level. The horizontal and vertical:

printed Callbfatlons on the Chart Daper are io be dlsrebmrdedo
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 Appendix E ) June 20/81  

Supplement to: Differential-Time~dependenoe of fading at Seaview
- and’ Arichat (preliminary report) -

Date of Observations: June 19, 1981
Duration of Observations: 11:48 AM to 2:02 PM

'Obsérvations; Only 4 fades.were-observed(aééuming that the.

double fade‘just prior to 1:35 PM 1is, in fact, two fades),
and these all occurred at Seaview. All four fades took the .

- receiver below 0.2 microvolts, and all were less than 10

seconds in duration.

Conclusions: The conclusion in the preliminary report(dated

- May 8, 1981)is confirmed. - g

Note: All experimental conditions in this supplement are similar
“to ‘those outlined in the report of May 8, 1981. The Introduction
of the May 8 report applies to the supplement, with the obvious
changes ‘taken into account. In addition, the duration of the Qbserw

vations wag dictated by considerations of convenience only.
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" and the other on 431.990 MHgz, showed marked differences in ‘time-

with noticeable fading on the higher frequehcy. On the other hand,

'propogate over the Sable-to-Halifax path Ffor purposes of long-~term
‘~mon1borlng, and then to Verlfy that there are noticeable time- -

'Vbetween the two slgnals-

_ Appendix F lp.l. ' _ o Aug.13/81 -
Comparison of 147.950 MHgz and'431.990 MHz_reception at Halifax
originating at Sable Island (a preliminary report) .

Prinéipal-Investigator: W.P. Lonc (Saint Mary's University)

Co-operating Observer: Mr. Elmer Naugler, VE1OD (50 Clayton PR Df,

| , " Halifax)
Dates of Observations: July 9/81 (zooo local time) to July 12/81

(0600 local %1me)

Abstract: Comparison of received signal-strength from two beacons"
located on the west end of Sable Island, one beacon” on 147.950 MHz

dependent behaviour. in particular, there were several well defined-'
enhancements on the lower frequency beacon, but apparently none on.
the higher frequency. At least two of the enhancements were Qoincident'

the higher frequency channel showed no signal drop-out, whereas
the lower frequency showed frequent drop-outb.

Introduction: The objective of this preliminary experiment was
to verify the'ékistence'éf propogat ion differences as a function
of frequency in the case of 147,850 and 431.990 MHz, both hori-
zontally polarized. The two beacons are located within a hundred
meters of each other on the west end of Sable Island, and the two
réceiver sites are within 5km of each other in Halifax. In parti-.
cular, thé objective was to verify ﬁhat’radiatioh at 70cm could

dependent_dlfferences in ‘the signal gtrength with a resolution
in the order of a few minutes. " '

Hence, absolute values of signal strength are not at issue |
in thls particular experlment rather, it is the relamlve behaV1our
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Observations: On the basis of the chart recordings shown in

Figure 1, the following features are noticed:

1.

2.

“there appear to be several noticeable enhancementbﬂ such

There is a fast fading(on a time scale of at least 1 second) in.
both channels, and this fast fading 1is characterlstlc of the
behaviour of the signal~strength in the two channels. ,
There are ‘two clear instances of ‘gstable enhancement_in the 147, 950 ”
31gnal. In one case, beglnnlng shortly after 0700 on July 11,
there is coincidence with a gitable depression in the'h31.990
signal. There is a less clear case of the same kind of behaviour .

beginning around 0030 on July 10' in this case, the depression
is not as stable as it is in the former case. Another less clear .

- casé@egins around 0400 on July 12. Enhancements in the 431.990 .

signal are not as clear as in the lower frequency chqnnel, but

T

- 2000 and 2300 on July 11, and 0530 on July 12. The presence of

Ly,

enhancements in this channel is masked by onset of llmltlng in
‘the receiver. :

There is a clear,inétance of a depression in ‘the 431.990 channel .
which is not-accompanied-by a corresponding enhancement in ‘the

147.950 channel.. This depréssion begins around 0330 on July ll.
Over the two-day period of this experiment, the 431.990 signél

“was never lost; JCS lowest level was still about 10db above the

receiver zero-signal level. This is in contrast with the behaV1our

 of the 147.990 signal, which frequen~%tly dropped out completely

(althoﬁghﬂfor’only,a second or so). The depression in the 147.950

‘recording beginning around 1700 on July 11(and marked ‘ignore')

 is considered to be an artifact. Hence, over the two-day period,

the signal from the 431.990 beacon was always detectable, whereas

the 31gnal from the 147 950: beacon was often, but briefly, not
detectable at all.. ~
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Experimental detailsgs

1.

2.

Both beacons located at the west end of Sable Island. The lL? 950

beacon antenna is about 16m above the ground, and about 20m above |

sea level, with a clear{visual) view of the horizon. The 431.990'
beacon antenna is on a tower located about 100m from the tower '
supporting the 147.950 antenna, and almost due south. The 431. 990

antenna is about 25m above the ground, and about 30m- above sea- _

level. -

147.950 beacon: 15W(nominal) FM, driving a 6~element yagi, hori-

- zontally polarized, .etc., as discussed in more detail in para-

graph 1-5 of the Report for 1980-1.

431,990 beacon: 15W(nominal) FM with.small average value of

'100% AM modulation(for the I.D.) driving a 2.5m parabolic

reflector via a 5m length of foam-filled heliax. The optic
axlis points approximately along 280°. With an estimated beam-

width. of some 15°(FWHP);‘it is estimated that the . receiVingﬁ

gite is near the 3db point on the beam pattern(3db below the
maximum power). The orLenta01on of the optic axis was
constrained by mechanical features of the tower. The antenna
L& extimated to have about 18db gain.

147.950 receiver systemi 10-element yagi at Saint Mary’s, as per
paragraph 1-3 in the 1980~1 report. The decoder functions to
record only the SLgnal from Sable. ‘

431,990 receiver system: - located at the res1dence of Mre Elmer
Naugler{see map of Halifax on p.5 of this report). The antenna -
ig a quad of 2l~element yagis, constructed according to NBS

" specifications. Discounting losses assoclated with harnessing,

etc., it is estimated that the gain is around 20db. The array
is about 18m above the ground, and about 105m above sea level.

- The antenna has a clear view(visual) of the horizon in the di-

rection of Sable I&]and, The transmigsglion line consists of about

21m of 3" hellax and 2m of RG-214. The receiver consists of a _

GaAs~fet preamp driving a down-converter which in turn drives a
shortwwave reoe1VOr(parL of an FT-101 transciever). The noise
figure is measured to be about ldb. The system routinely shows

‘a power level of some 6.5db sun-noise. In the experiment d;°~f
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cussed in this report, the receiver was operated with the AVC
. disabled. The audio output of the recéiver was fed into a VIVM/
: . amplifier(HP-400), and the output of the VIVM/amplifier was

. rectified and then fed the recorder(Esterline~Angus, 1 volt
 full deflection at 1mA) with about a lsecond time-constant.

Conclusions:

1. The existence of timemdependengﬁifferenées in propogation
over the Sable-to-Halifax path at 147.950 and 431.990 MHz
has been verifed, and the signal from ‘the 431.990 beacon
is, indeed, strong enough to enable long-term monitoring.

In fact, it would appear( on the basis of this two~day

experlment along with 1nforma1 observations both prior to

and after ‘the two-day period) that the propogatnon of the

431.990 signal is clearly more favourable for communications
" purposes. than is the‘loWerAfrequency;

Recommendations:

. 1. On the basis of the conclusions above, it is recommended that
‘ ) a long-term monitoring program be established for the L31. 990
beacon, at 1east for a l-year period. Steps are belng taken

at SMU -to 1nstall the necessary equipment; and continuous moni-
toring should commence around ‘the middle of September of this
year. It is understood that there would be an attempt to corre-
late this information with weather factors, as in the case of
the Z2-meter program already underway.

Supplementary Note: Recepﬁibh of both beacons has been monitored
on a daily basis by Mr. R. Schultz, VELIF,at his location near .

LMt Uniacke, N.S.; the general conclusion is that the 431.990 51gnal
is more conslstently detectable thanMthe 147.950. Moreover, Mr.

Schultz undertook a l-day observing trip from his location to Bear
River(near Digby), folléwing as much as possible the higher r8plis.
 In general, -the 431.990 signal was heard all along this patnk wherfas

the 147.950 was not asvconslsuenljy detectable.. In additlion, the 31gnaﬁ

-  was maximum in the New Ross area, confirming ‘the estimated orientation
. of the optic axis for the 431.990 bean. '
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Outline map of Halifax, showing approximate
locations of the receiver sites at VELOD(Naugler) -
and VELSMU(Saint Mary's). '
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o (Appendix @ 1o . Sept.19/81

"Time-occurrence of Padlng in Three uenarate Rece1V1ng uhannels

at Soavwew g nrolwmlnary reooft

. : Prihcipal InveS'tiga'tbr: W.P. Lonc (Saint Ma v's Un:wers:.ty)
-assisted by_Mr. P. Fugere, (MT.&T, New ulasgow,

Date of Obqervatlon. Sept. 9, 1981 from aDDrox1mately 11: 30 AW
‘ to 2 PM local time. :

Abstract: VHF signals from Sable Island were received and monitored .
on three geparate receiVer/antenna.systems at the Seaview MTT miéro»_f
wave site. The‘major_observation was that during a 2%~hr interval
during which 22 noticeable fades occurred in the premium receiVer:-
channel, full comnc1dence between notlceaole fades on all three

~channels occurred Just once, and Dartlal 001n01dence occurrea Uerhaps
no more ‘than 5 times. '

Introduction: A preliminary experiment was gonducted-at the MIT

microwave site at Seaview to ascertain the equtence of 001n01dences
in fading in three different reoe1Ver/antﬂnn% bystem The three
. " gsystems monitored two signal sources on Sable Island; two of the
three monitoring a MTT transmitfer-an--~<fﬂf while the third m?ni—
tored a SMU beacon a few meters from the MTT transmitter.
The experiment was intended to be preliminary in nature, and _
took place between approximately 11:30 AM and 2 PI on September 9,
1981, It is intended to conduct a more comprehensive experiment at
some future date, when a longer observation time and more accurate -
. timing of the fading events is available.
Since the objective of this preliminary experlment was to
o gbudy only the coincidences(or lack of them)between fading events
" in three different receiver/antenna configurations, there was no
intention or atbtempt to measure amplitudes of the sigunal levels.
For the purposes of thig particular experiment, the fades of prié
mary interest were the ones in the receiver system associated with
“the MTT telephone link ; this receiver system(or channel) will

be called the premium channel.



‘the SMU channel, and then ‘the number of fades whlch are partlally~
coincident. ' o

The goeacific objective of the éxperiment thc”"on was
c

to ascertain 1T any fades occurfin in the premvum cnannel werc

"in colnc1dence W1th fadeg in one or both of the other twao channels.

A seni- quantltatlve estimate is made of the number of fades whlch
are completely or Iully coincident: across all three channels, as,
well as an eqtlmate of the number of fades which are partlally :
001n01dent across all Three channels. The dlstlnctlon ‘between
compleue ('full') and tpartial' is based on a visual 1nspectlon

of the cnart recordlngs. Secondly, a simlilar semi~ quantltatlve
*estlmate is glven of the number of fades which are completely
“goincident across the two MTT ohannels(bOth vertlcally polarlzed

and operating at the same frequency), as well as the~number» of
fades which are partlally coincildent in this case. Finally, a
seﬁ1~quanu1tat1Ve- estlmate is given of the number of fades which

e'are compleuely c01n01dent across “the non~prem1um MTT channel and

Hence, the éxperiment should vield some information regarding o

‘fadlnﬂ at Seaview which -is a function of several Varlables(l.e."

ante nna location, polarization, and frequency), as well as some
1nf0ﬂmatvon on fading at Seaview Wthh is a function of only one

Varlable(lgc. antenna locatlon)
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txperimental details

1.MTT#1 system(premium channel): a Micor transceiver(with preamp)
at 142.605 MHz, fed from a dual yagi, vertically polarized, the
antenna is at the v ery topﬁbf the microwave tower at Seav1gw.
The system has a sensifivity in the order of 0.2 microvolts.

2.MTT#2 system: a similar Micor transceiver(no preamp) at 142.605
MHz, operating in the receive mode only. It is fed from a dual
yagi, also vertically polarized, located at about théTmi@}pﬁigi]
on the tower mentioned above. The system sensitivity H;s not
been determined, but appears to be in the order of 0.5 microvolts..
Both MTT systems are tuned to a similar MlCO” transceiver on
Sable.

3. SMU gystems~a special-design DOC receiver, equipped with a
GaAs-fet preamplifier, fed from a s1ngle, horlzontally polarized
yagi. The antenna is located(y}thmz meters» of the MTT#2 antenna.
The signal is at 147.995 MHz, originating at Sable from a 15W
transmitter driving a 6-element yagi(horizontally polarized).

4.Recording system: two dual-channel strip-chart recorders(HP .
model 7100B's) modified for collinear operation of the pens.
Therutput of the MTT#2 receiver was fed into each recorder,
thereby facilitating subsequent alignment of the two charts.
However, there was some difference in the chart-speeds, result-

ing in some uncertainty in the timing. This uncertainty was
taken into account when the data was znalyzed.




v
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Taking lnto account qll thrae Sybtcms, it was’ observed that

‘gome 22 Well~deflned fades occurred in the MTTHAL system from -

about 11:45 AM to 2 PM, of wnich perhaps 18 or so could have

 resu1ted in an outage of the 31gnal(lastlnf perhaps 1 or 2
~seconds) . In reference to these fades in ‘the premlum channel,

it is estlmated that only one of these fades occurred in full
coincidence w1th strong fades in both of the other systams. In

‘addition, it is estimated that 5 of these 22 fades were in

1 partial coincidence with faaes in both of the other two channels.f

:Note that only 22 of the tobal 30 fades in the premlum channel .
.are belnﬂ con31dered here bacause observablons on the Sy system

began at a 1ater tlme.

Taking into account only the two MTT systems, it was observed

- that of the 30 fades oceurring in the premium channel,'perhapsm‘

5 of. these were in full coincidence with strong fades in the .
MIT#2 system. In addition, perhaps another 10 of the fades in

- the premium channel were in partial coincidence with strong -
~ fades in the MTT#2 system. |

- 4

Taking.inté account only the MIT/#2 énd‘the SHMU Systems,'whgre

- the antennas are within 2 metgrs of each other, thére is a signi-

ficant difference in +the occurrence o| fadlng events in the twoo

channels. A cursory visual examination of the charts gubgeots

that perhaps no more than 50% of the fades in the two systems
coincide significantly. ‘ )

. Note: The above egtimates result from a visual inspection of the

chart-recordings, and are meant to indicate semi-guantitative -

rather than fully quantitative information.‘




:?;5
Conclusiong and RenbmmendetioneQ . o |
1. The observatlons Cledrly indicate thaﬁ the fading-even#m at
'Seav1ew assocliated WLth Sable Island signals depend on some
combination of antenna location, polarlzatlon, and frequenoy.'”
This conclusion stems from Observation #Ll. In addition, it |
- .could be inferred that a diversityearrangement.émong all.three-'
”systems could lead %o a notlceable reduction in outave '
associated with this type of fada(l €e thh a duratlon of
1 or 2 seconds).

- 2. On the ba31s of observatlon #2 it is COncluded that there is
a. clear dependence of fad1ng~occurrence on just one varlable,
"_namely the dlfference in height of the two MTT antennas. Here .
again, it could be 1nferred that a diversity-arrangement between"
these two systems could also lead to a noticeable reduction in

‘outage(but not as favourable as in Conclusion #l-above).

3. On the basis of. obserfation #3, it is ooneluded that there.is

‘ a clear dependence of fading- occurrence on some combination of
frequency and polarization, where the slight dlfference in
helght:ls deemed to be. insignificant.

L. It is recommended that a more prolonged version of this ekieYiFk
" menﬁ be performed, with improved time-calibration. In addition, -
stallation of a preamplifier in the MTTH2 system would render,
comparison more informative beLween the two MTT system |

5. Action to bhe taken: It is plenned to verform the recommended

experiment on the occasion of the next trip to Seaview, on or
about Oct.23, 1981. ‘
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_Appendix H |

~Nbvember 23, 1981

..Différences in ?ropagation Statistics on 147.950MH2'

and 431.950MHz from Sable Island to Halifax, NS
(a preliminary report) '

k4

Principal Investigator: W. P. Lonc
Physics Dept.

'Saint Mary's University

‘ _ _ Observation Period: Oct. 11 to Oct. 15, 1981.

Abstract: Horizbntally polariéedrradiation ffom two beacons
on the west end of S#blé Island were monitored on »
a relétively random basis at Halifax, (Saint Mary's) -
on 16 occasions -of approximately 15 minutes per
occasion over a 5-day period. On the basis of

the chart recordings, it is estimated that the

431.950 beacon was received at.a level of 0.2uVv
. " or more approximately 90% of the time, whereas
' the 147.950 was received approximately 36% of

the time for the same conditions. . ' .

1. Introduction:

This inveétigation constitutes a preliminary look
at differences in propagation at 147.950MH£I

and 431.950MHz on the maritime path between

Sable Isiand and Halifax, and continﬁes from the-
earlier preliminary observations made in collab-

oration with Mr. Elmer Naugler and reported in

a separaté report (also preliminary).l The

present investigation differs significantly from

-~

l"Comparison of '147.950MHz and 431.990Miz reception at -
Halifax, originating at Sable Island" (a preliminary report),
' Avg.. 13, 1981.




‘ S ' 7 the earlier one in that the monitors in this

| experiment ére beth located at one site’ (with-
.in several meters of each Bther} Hence, asSuming
that the sépargtion between the two beacons on
Sable (amounting to some lOC_meteré) ig insig-—
 nificént; this exﬁerimept appears.to provide

data which is primarily a function of frequency

- only. _ '

| In_summafy; a visual inspection as well

és some processing of ﬁhe'recordings‘(reproduced
in the Appendices) indicates that the UHF beacon
exceeded 0.2uV at the antennaapprokimafely90Z.
of the time, whereas the VHF beacon'only-exceéded
this level aDprox1mately 36/ of the time. These
percentages are thought to have é maximum

v v uncertainty of perhaps 107%.

' ‘ " 2. Experimental Details:
VHF beacon' .
Approx1mate1y 15w, FM, feeding a 6-element

horizontally polarized yagi with-a design gain
of 10db. The antenna is located on a'tower_
.(designateé SMU #1) approximately 16 meteréh
above the'ground, and approximately 20 meters
above sea-level. ‘

UHF beacon:

approximately lSW, FM, feeding a horizontally
polarized diﬁdlé (with reflector) which in turn
illuminates a 2.5 meter parabolic reflector
calculated to have approximately 18db gain at
this frequency. The antenna is located on a tower
~ (designated SMU #2) approximately 25 meters above

ground, and.approximately 30 meters above sea-level.
Tower SMU #2 is approximately.lOO meters due south

‘ A of Tower SMU #1. This beacon was formerly “on
431.990 MHz.



‘. o . VHF monltor- . ) »

' - 8—e1ement yagl (horlzontally polarlzed) dr1v1ng a
low—n01se preampllfler (GaAs—fet), etc., as descrlbed

» elswhere . '

. UHF monitor‘ ; ) _
'anteﬁna system 1dentica1 to .the: beacon, dr1v1ng a 1ow«
noise preampllfier (GaAs—fet), which. in turn drives'

a crystal conﬁrolled AM receiver system with a band-—

width in the order of 1kHz. '
Calibration: ' ‘ o . A .

‘Both monitors Were.calibraﬁed using a Boonton Model

102D synthesized generator, in which the ouﬁput level

has a maximum uncertainty in the order of 1db. ‘
PrecautiOnS:_ .

To ensure that nb spurious recordings were being ﬁade,

‘ - both. recéivers were monitored aurally for the entire -

. . - \ _ | ‘duration of each. 15-minute occa81on . Hence,’ the )

| | pen excursions represent actual slgnal levels. The' 
15-minute occasions were chosen on the basis of con—
venience, rather than out ofconsideratibn of possible';
propagation effects which might favour one frequeﬁcy
over another, leading to the supposition that the V
observations constitute’a'relatively-valid randbm'~A. ' . ~'%
sample. | | » ' |

3. Conclusions and’ ReoommendatlonS'

Although no.calculations have been made to enable

'observed'

7 - ~a comparison between 'expected' -and
signal levels for the parameters in this experiment,
it is thought that the UHF signal is noticeably strongér»
v . than expected. Moreover, on the basis of additional
. quaiitative observations since Oct. 15/81, it is thought
that the UHF signal will consistehtly surpaés the

" VHF in the given experimental arrangement.




‘By way>df recommendatibn, it appears to be
of interest to pursue this experiment futher. For
example, it would be intefesting to have the'
comparison made - over a longer period of time.
A Finally, on the basis of the pleasantly
surprising_résults in phisfexperiment, arrangements
are Being made ‘to instéll another UHF beacon,
operating in the 1296MHz amateur band, on'. _
Sable. It is‘éxpected tﬁat preliminary'observations

could-bé madenby:the end of this calendar year.



Appendix: &

‘Appendix B:

On one occa31on, Oct 15/81 from 10 32 AM to 10:47 AM,

the UHF monitor was saturating (saturatlon occurs at

approximately 0.8uV for this monitor), which prompted-
an attempt to obtain an ind&%?tion~of the signal strength.

This was done by inserting ﬂndb attenuation in the s1gnal

"path, whiéh. now produced a deflectlon correspondinc

approximately to the 0.4uV level. It was concluded

“that the signal delivered by the antenna was there-
T o oy »

fore in the order. of @msks¥ at this patticular time.

The following pagés are photocopies of the chart

~recording obtained in this experiment. Calibration of

recéived signal strengthv(i.e;, at the:input of the GaAS-

fet preamp at the antenna) is given at the right-hand
end-of the first chart (Oct. 11/81, 9:30 AM to 9:46 AM).
Each chart has a 'zero signal' level as well as the 0.2uV

level indicated to facilitate examination of the records.
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Supplement(#2) to: Differential Time- dependenceof fadlng at SeaVleW' ff;

and Arlchat(prellmlnary report)

Prlnc1pal Investlgator. W.P. Lonc (Salnt Mary's Un1vers1ty)

‘ Vassmsted by Mr. P. Fougere :(M T.7., New Glasgow)

‘Date deObserVation: Dec;s,'1981

‘recelv1ng syStem identical to the one at Seav1ew.vtérfs*f

iDuration"of Observatiéhs: 51 minutes,beginnihgjéflll:#5 A.M.,k

vl

Introduction: This éxperiment(Dec;8/81) constitutes a continuatiohly'"

of observations being made occasionally at both Seaview and ArichatiJ”
to obtain information on - differences in fading at the. two siteé,'
with a view to possible diversity configurations. The signal at o
Seaview is taken to be the 'reference' or 'prenmium' signal;. When

“this signal drops below 0.2 uV, then the recordings of the slgnal

at Arichat are examined to determlne if the slgnal at Arlchat
could have been useful in a. diversity system. As with the SeaV1ew

signal, the signal at Arichat was considered useful if it remalned-i;"»
‘at or above the 0.2 uV level. It should ‘also be noted that the

experlmental configuration in this particular report differs from

~the two preV1ous reports on the same subject inasmuch as the
':Arlchat receiver now had a preamplifier, thus making the Arlchat

.....

4 ObserVatlons. - - o
'?1. Of the total obserVatlon duratlon of 51 mlnutes, approxmmately

8.6 minutes, or 17% of the time was affected by fading below
the 0.2 uV level.at the Seav1ew site. There were 30 .of these ‘
fades, and are identifiéd‘as A-1, A-2, etc. on the chart re-.

cording.




- N

Dec.30/81 . piz

2. Of the 8.6 minutes total durlng which the smgnal at SeaV1ew was:f 

below 0.2 uV, -the s1gnal at Arichat was simultaneougly below

0.2 uV for approximately 1.1 mlnutes of this time, representlng'.'

approx1mately 13%. Hence, a dlverslty system could have reduced
the drop~out due to fading by some 87%. This suggests that the ,

" drop-~out due to fading during the 51 minute observation perlod  ]
could have been reduced from 17% to approx1mate1y 2 2 %

Conclusion: There is a significant. difference in fading occurence

f occurs most frequently on this path.

. at Seaview and Arichat in the signal originating on Sable Island,
and it appears advisable to repeat this experlment at the e%E}

opportunlty during the winter and sprlng, during which tlmeffadlng

cant ;'
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i
i
i

S Dec.jo

-Data’ reductlon of "Dlver31ty Experlment" between Seav1ew ff'?“'u:"

and Arichat,

conducted on ‘Dec.8,81

- |Fade #
- AT sEAVIEW

Duration |

of fade

Fade at
Arichat -

Duration of

non-0verlap
NS A

A~
-2
| /0

ST
M,T/él_ :
=17 4./

- /.7.;,» |

1. -20

=23

.'WJTZ#
=25
|26
=270

2y ;f
- —27

-3

SR
/0

20 sec ||

20

-

-

s

—

—

120

o

—

40

o oK —
U PART/RL | /ST e
s

20 -
,MKOHWWPNLf

PARTIAL |2

OYER.LARPIIG

X

X
=X
K

L

K.

PARTIAL.

| PALTIAL

PARTIAL |

paRTIAL |
X N .

x
jﬁ};;xﬂw;;_;wwnggggj;

Remarkg: “"Fades"
as drops 1n recelved 31gnal ;mﬂ
level below o 2uV. -

e Total observatlon times

- 51 m1nu£ééf<>m'

' are definéd 1
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