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APPENDIX 1.

CHARACTERISTICS OF WAVE PROPAGATION.

‘The following is-a discussion of general principles and mechanics
of the propagation of radio waves, with emphasis on the daily,vSeasonal,and
yearly variations in the propagation characteristics. It is not to be taken
‘as a detailed analysis of wave propagatlon, as such 1s outside the scope of
this report. Rather, it is to give a better appreciation of the underlying
principles on the bases of which the theoretical coverage maps were obtained,
‘and also to pPOVlde a reference for monitoring station operators, concernlng

the constant changes in propagatlon characteristics. It is felt that opera-
tors, from their past experience, have a good idea of what -to expect from
monitoring any given frequency band, at different times of the day, season
or year, but are generally not.aware of why and how these changes take place.

GENERAL NATURE OF PROPAGATION;

When a radio wave is radiated from a transmitting antemna it
spreads out in all directions, decreasing in amplitude with increasing dis-
tance due to the spreading of the electromagnetic energy through larger and
larger ‘surface areas. The portion of the energy arriving at a distant re-

" ceiving antenna may have travelled over any of several p0381ble propagatlon
paths, as indicated on the dlagram below ' :

“Ionospheré

Sky waves -

Tropospheric wave

Troposphere

pace wave

Surface wave

Possible proﬁagation‘paths from transmitter to receiver,




Which of the several possible paths are operative in any particu-
lar instance depends upon the frequency, the separation between transmitter
and receiver, and the conditions of the ionosphere and the troposphere. Al-
though there are cases where several of these paths are operative simulta-
‘neously, it is usually found that propagation is. restricted to only one or
two paths, or at any rate, that the signal received over a particular path
is much stronger than those received over other paths. : '

The surface wave.

The surface wave, as its name suggests, travels. in contact with
the earth's surface without any reflection. A certain portion of the total
energy is continually propagated into the ground, due to penetration, and
this loss increases both with distance and frequency. As a result, the sur-
face wave is limited to relatlvely short distances and to the low and me-
dlum frequency bands.

The surface wave from a vertical antenna is far-stronger than that
from a horizontal antenna at the same height, and in both cases decreases
W1th the height of the antenna above the ground

The space wave,

4 . The space wave con81sts of two components, the dlrect ray and the
ground—reflected ray, as -shown in the dlagram -below. The total field due .to
space wave, at a given receiving point, is the sum of the fields: resulting
from these two components. Whether these two components reinforce or cancel
each other depends on their phase relationship. This phase difference in
turn depends on frequency, the electrical constants of the earth, and the
dlfference in path lengths of the direct and ground-reflected rays.

Although space wave has .to be taken 1nto con31deratlon for medium
frequency transmissions, their main use is above 30 MHz. At such frequencies.
the sky wave 1s normally non-existent and the surface wave is negllglble,
except in the immediate neighbourhood of the transmlttlng antenna,

Direct ray

Ground-reflected ray

Space wave components, .




" The sky wave.

Sky wave 1s the result of the reflectlon of radlo waves from the
ionospheric layers of the atmosphere. The reflecting ability of these layers
depends on their relative electron density and show marked diurnal, seasonal
and yearly variations, which can be related to solar radlatlon and sunspot '
activity.

. At medium frequencies the sky wave is practically non-existent
during the daytime, due to strong absorption in the lower regions of the
ionosphere. At night time, however, the sky wave 1s appreciable and, if no
precautions are taken, 1nterferes w1th the surface wave thereby causing
fading.

At frequenCleS from 3 to 30 MHz the sky wave is of major 1mportanCe,
prov1d1ng the mechanism by which HF propagation takes place. An important
. feature of such propagation is that generally at these frequencies the sky
waves experience very little attenuation, which decreases with increasing
frequency. Consequently, a reasonable field strength may be obtained with
moderate powers, over very great distances.

At still higher frequencies; that is above 30 MHz, the maximum
electron densities in the ionosphere are rarely sufficient to reflect waves,
‘except for relatively short periods (eg. in the equatorial regions near the
peak of the sunspot cycle). Ionospheric transmission at these frequencies
is, therefore, mainly the result of scattering of waves by irregularities
in the electron density distribution of the 1onosphere rather- than gradual
refraction. The maln sources of 1rregular1t1es 1n the ionosphere are

1. turbulent mixing in the~D;reglon;

~2; iqnized metebr frails;

3. F—layér irregularities, spread F; and
4; dense E- layer patches, sporadic E

Ionospherlc scatter proPagatlon generally takes place From 30 to about 80
MHz, and can cover dlstances up to 2, 000 km,

The tPOpOSEhePiC wave.

Radio waves propagated by tr0pospher1c scatterlng and ductlng are
called tr0pospher1c waves. o

Tropospherlc scattering'is caused by inhomogeneities and discon-
tinuities in the reéfractive index of the atmosphere. Tropospheric scatter
propagation generally takes place at frequencies between about 40 MHz and
4 GHz, and can cover distances of up to 1, 000 km.

On the other hand, duct propagatlon takes place when two bound-
ary surfaces between layers of air, or between a layer of air and the earth's
surface, form a duct which guides radio waves with frequenc1es hlgher than -




about 100 MHz for distances up to about 1,000 km, An important feature of
duct . propagation is that both transmlttlng and receiving antennas must be

- inside the duct

Tropospheric propagation, because of the direct dependence on at-
mospheric conditions, is very much a function of the weather.

THE IONOSPHERE.

The term ionosphere refers to the ionized reglon of the atmosphere
that has a very important influence on the propagatlon of radio waves., This.
ionized region extends from a lower 1limit of 50-80 km upward to a -height of
about 400 km, :

The ilonization of gas molecules in the atmosphere is a result.
mainly of solar radiation and cosmic rays. However, since these ions are in
constant motion, a process of recombination goes on all the time. The time
that it takes for recombination to occur depends on several factors, but
particularly on the average distance between the particles. In the lower
part of the atmosphere collisions take place so often that air molecules do-
not remain ionized very long. Another reason why there is velatively little
ionization in the lower atmosphere is that the ultra-violet rays of the sun
are largely absorbed by the upper atmosphere. As a result, there is very
little ionization below about 50 km. On.the other hand, above 400 km there
are so few air molecules to be ionized that “the- denslty of 1onlzatlon 1s
agaln very low.

Because of the’ varlatlon in the chemical compos1tlon of the atmos-
phere with height, and because different gases vary in their ablllty to ab-
sorb solar radiation of different frequencies, there is a tendency for'the
ionization to become stratified. Consequently, the curve of electron densi-’
ty as a function of height has several maxima, and these maxima are common-
ly called ionospheric layers. The number of layers, their heights above the
earth and the electron dens1ty of the layers all vary from day to day, month
to month, and from year to year. .

There are two principal layers, called the E-layer and the F-layer.
‘The E-layer is usually found at a height of 110 km, but may vary from 90 to
140 km. The other principal layer, the F-layer, is one layer only at night
but splits into two parts durlng the daYtlme and they are designated as the
F1l and F2 layers. The Fl layer is generally at a height of 180-250 km and
it is usually absent at night, while it may completely disappear during the .
winter particularly durlng the more active part of the sunspot cycle. The
height of the F2 layer may- range between 250 and 400 km. There are other la-
yers also of which the D-layer is the most important. The D-layer is present
only in the daytime and its approximate range of height is 50-90 km.

Effect of the ionosphere on wave propagation.

Radio waves are returned to earth from the ionosphere by means of
refraction, except in the case of ionospheric scatter, that is .the waves are
bent away from the-: reglons of high ion density toward those of low ion den-
sity. However, since it is usually slmpler and more convenient to think of -
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kthe wave as being reflected, the ionospheric layers are generally described

by their virtual heights. The virtual height of an ionospheric layer is the
height that a radio wave would reach if it travelled in a straight line and
was reflected from a mirrorlike surface. Thls is shown on the diagram below,
where 8 is the angle of 1nc1dence.

' Ionosphere

The virtual height of an ionospheric layer.

If the frequency of the transmitted wave is increased sufficiently

a point is reached beyond which the wave is no longer- returned back to earth

and, unless reflected from a higher layer of greater ion density, it:will be
lost in space. The reflective power of an 1onospher1c layer, therefore, de-

pends on the frequency of the radio wave, the ion density of the layer, and

the angle at whlch the wave strikes the layer. :

The hlghest frequency that an 1onospher1c layer can return back to
earth, when the ray enters the ionosphere with vertical incidence, is called
the critical frequency It is a direct measure of the maximum ion density of
a layer

The cr1t1cal frequency for a particular layer, hoWeVer, is not the
highest frequency that can be used for communication, using that layer. By
increasing the angle of 1nc1dence radlo waves of higher frequency will be re-

. flected

Ow1ng to -the curvature of the earth and the surrounding ionosphere,
there is a maximum angle of incidence which can be made with the layers and
this occurs when the radio waves- leave the earth tangentially. In the cade R
of the E-layer this angle is about 80°, and for the F2 layer it is about 73°
The corresponding great circle distances covered. by reflectlons, at such
angles, are.2,200 km and 3 ,600 km respectively. o

The annular belt around a radio transmitter, where its signals can
not be received, is called the skip zone. It extends beyond-the ground wave
range but lies within the skip distance, 'that is the distance from the trans-

mitter to a point where a speclfled radlated frequency f1rst returns to

earth as a sky wave
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"In.this zone the ground-wave signals are attenuated below a usable
- level. The sky waves, on.the other hand, entering the ionosphere at an angle
of incidence smaller than a certain critical value (dependent on wave fre-
quency) penetrate the ionosphere. Thus, the waves at and near the-vertical
are not reflected back to earth.

The inside radlus of the skip zone is decided by the ground-wave
range. For a given transmitter power, it is independent of the time of day
and depends solely on frequency - the higher the frequency radiated, the
smaller the inside radius of the skip zome. -’

The out81de diameter of the skip zone is decided by the Sklp dis-
tance, that is, the conditions of 1onospherlc propagation. Because of this,
" it will vary with the time of day, season, and frequency :

Graphlcal representatlon of the Sklp dlstance and the Sklp zone is
shown on the diagram below. :

surface
wave

skip zone

skip distance

Skip distance and skip zone.

_Absorptionbin the ionosphere.

In addition to the virtual heights and the critical frequencies,
for each of the layers, the attenuation or absorption of energy from the
" waves by the ionosphere is an important factor in limiting radio. transmis-
sion over large distances. When a radio wave passes through an ionized re-
gion it causes the electrons to vibrate. The vibrating electrons collide
with neighbouring molecules and ions, and give up all or some of their’




energy in the process. The amount of energy that is taken from a radio wave,
and wasted in this way, increases with the distance travelled by the wave
in the ionized region and with the density of the ions and air molecules in
the layer. Since ultra-violet rays from the sun cause ionization to be pre-
sent at lower levels in the daytime than at night, and since there are more
air molecules at low altitudes, the absorption of energy is much greater
during the daytime than at night, the absorption occuring mostly in the D
and E layers. The maximum absorption occurs at a frequency of about -1,400
KHz, on account of a resonance condltlon for the’ electrons mov1ng in the
earth's magnetlc field.

Regular variations in the ionosphere,

Characterlstlcs of the ionosphere go through regular variations
that affect the propagatlon of radio waves, and these variations can be
predicted with fair accuracy. They are of three principle types, called the
.diurnal variations, seasonal variations, and sunspot cycle variations.
These changes in the ionosphere are largely due to changes in radiation
from the sun, so that they are mostly changes'in the ion density and the
virtual heights of ‘the layers. Changes in the ion density have a direct
effect on the 1onospher1c absorption and the c¢ritical frequency of the 4
layers, while changes in the virtual heights’ affect the skip distance and,
therefore, the effective area of receptlon. :

D-layer variations: The virtual height of the D layer does not

show diurnal, seasonal, or sunspot cycle variations. The ion denslty, however,

reaches a maximum around noon and a minimum at night, when the layer prac-
tically dlsappears. These diurnal variations are less during the summer and
are much more pronounced in the winter. The ion density also increases pro—
‘portlonally with sunspot number;

E-layer variations: The E- layer maintains a substantially'constant
virtual height throughout the day and from season to season and is not af-
fected by the sunspot.cycle. Changes in the ion den81ty are partlcularly _
regular for this layer from day to day and seasonally, and depend almost en-
tirely on the position of the sun in the sky, that is the Zenith angle. The-
~ionm density is thus higher during the day than at’ nlght, and higher during
the summer than in the Wwinter. The density of ionization also varies with
solar activity and is the greatest during the most active sunspot perlods.
-Therefore, the critical frequency and the absorptlon are the lowest durlng
a minimum in solar activity. ~ -0

F1 layer varlatlons' The F1 layer exists only in the daytlme and
its virtual height is somewhat lower at noon than at sunrise or sunset, but
shows no appreciable seasonal variation. The ion density of this layer has
a diurnal variation similar to that of the E-layer, the maximum occuring at
noon and being less in the winter than in the summer. The close relation-
ship between ionization density and the Zenith.angle, exhibited by the E-
layer, also exists for the Fl layer. The Fl layer is always present in the
summer but does not necessarily exist during- the winter days, particularly
during. the more active- part of the 11 year sunspot cycle,

F2 layer variations: Although the F2 layer is the, most 1mportant
of the layers, for HF communlcatlons, it is also.the most unstable. It varies




greatly in both virtual height and ion density during the day, from season

' to season, and with sunspot cycle. The virtual height of the F2 layer is
greater in the daytime than at night during the summer, and the reverse is
true during the winter, although the summer variations are much more pro-
nounced. The ion density of the F2 layer is much higher in the winter than
in the summer. In the winter the maximum ion density tends to occur at noon,
while it is in the late afterncon during the summer. The ion .density reaches
a minimum between midnight and sunrise, and this minimum is somewhat lowenr

" in the winter than in the summer. The virtual height varies with the sunspot
. cycle, and the ion density shows a very close correlation with the same.

Geographical variations: Ionospheric characteristics as a function
of local sun time are very much the same, irrespective of longitude. Lati-
“tude, however, is quite important, since the varying angle of incidence of
solar radiation with latitude leads to greater ionization in equatorial re-
" gions as compared to polar regions. Near the equator the average ion densi-
- ties are higher and the average virtual heights lower than at the polar re-
gions. These variations in the Southern Hemlsphere, except for the F2 layer,
. are similar to those for the Northern Hemisphere when the reversal of sea-

- sons is taken into consideration, With the F2 layer however, the action is
the same in both hemlspheres, that 1s “there is no reversal of the seasons.

Abnormal ionosPheric behav1our.

: In addition to the regular 1onospherlc variations, that can be

predicted with fair accuracy, there are others of less predictable nature
that have an important effect on’ 1on08pherlc propagation. These are brlef—
1y dlscussed below.

‘ Sporadlc E-layer (Es) reflections: These reflections are the re-
sult of very dense electron (or ion) clouds in the E-layer, that have very.
sharp boundaries. These clouds drift through space, with the result that
such reflections may come and go. The extent of these clouds may range from
one to several hundred km across, and its thickness can also vary from ex-
tremely thin to relatively thick. Sporadic E-layer reflections occur most
commonly in the summer, particularly at night, but found to some extent at
any time of day or night and occasionally at all seasons. These reflections
tend to be more frequent during the active part of the sunspot. cycle, but
the correlation is not very close. They tend to be less intense the higher
the frequency, but on occasions it is possible to observe Es reflections
with vertical incidence at frequen01es up to about 12 MHz. Under these con-
ditions, and because of the low height of the layer, it is possible to ob-
tain long distance sky wave communication at frequencies as high as 60 MHz,
which is about twice as hlgh as can be returned from any of the layers by -
normal refraction. ~ :

Sudden 1onospherlc disturbance (SID) Sky’wave 'signals. sometimes
suddenly disappear. This is the result .of a burst of ionizing radiation from
a solar erruption on the sun, that causes an abnormal increase in the ab-
sorption that waves undergo on entering and leaving the ionized region. Such
a radio fade-out is usually complete within less than a minute, and can last
from ten minutes to several hours. The effect occurs simultaneously through-
out the portion of the earth 1llum1nated by the sun, and does not occur at
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night. The action of a fade-out is more intense, and the duration is ldnger5
the lower the frequency (at least for frequen01es above 1,500 KHz). The in-
tensity of the disturbance tends to be greatest in the reglon where the sun's
pradiation is perpendicular, that is, it is greater at noon than other times
‘of the day, and greater at the equator than at higher latitudes. There is

no seasonal variation in the occurence of radio fade-outs, but they have a

- tendency to be more numerous in years of high sunspot numbers. These fade-
outs occur only when there is a solar erruption, however, the converse does
not follow 81nce most solar erruptlons fall “to produce even a mild radlo'
fade-out. :

Tonospheric storms: An ionospheric storm is characterized by poor
radio transmission, at frequencies above 500 KHz, and is usually accompanied
by a magnetic storm. An ionospheric storm begins with a turbulent phase,
that consists of a violent turbulence of the entire ionosphere in the auro-
ral zone. This causes the normal stratification of the ionosphere to be des-
troyed, with the production of small clouds of ionization that move in an
irregular manner, The turbulent period is follod by a moderate phase, in
which the effect initiated in the auroral zone gradually extends to much
lower latitudes. The ionosphere then returns to normal after a perlod that
in severe cases may be several ‘days.

Durlng the turbulent‘phase of an ionospheric storm layers with de-
finite virtual heights and critical frequencies tend to disappear. During
the moderate phase that follows the virtual heights are abnormally great
and the critical frequencies unusually low, particularly for the F2 layer.
There is also a tendency for the absorption to be greater than normal.

The effects of jonospheric storms are greater near the polar re-
gions and become negligible at the equator. Unlike radio fade-outs, the
jonospheric storms may occur at.night as well as in the daytime. The fre-
quency with which these ionospheric storms occur correlates reasonably well
with solar activity and so follows the ll year sunspot cycle.v ~

Absorption in the auroral zone: In addition to global magnetlc
storms, the polar reglons are often the scene of local storms. These are
accompanied by marked increases in radio wave absorption, espe01ally in the
auroral zone. Auroral zone absorption may last from ours to days.

Polar cap absorption' It is believed that the reéurring strong
ionization in the polar caps is produced by the influx of solar particles,
more energetic than those responsible for absorption in the auroral zone.
As in the.latter, the charged particles. produce a strongly ionized layer
at the ‘height of the D-layer, throughout the polar cap. Thls layer absorbs
short waves and lasts from 10 to 300 hours. .

THE TROPOSPHERE[

The lower part of the atmosphere extending upwards from the.earth's
surface, in which temperature decreases with height, except in.local layers
of temperature inversion, is called the troposphere. It extends up to a
height of 8-10 km at polar latitudes, 10-12 km at moderate latltudes, and
up to 16 or 18 km at the equator..
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As .a result of changes in the density of the air, temperature,
pressure and water vapor in the air, refraction of radio waves occurs in
the atmosphere. This refraction tends to bend the waves back to earth and,
results in an increased transmission distance, beyond the line—of—sight.

Air in the troposphere is frequently turbulent which causes the.
scattering of radio waves. These scattered radio waves may give usable re-
ception several hundred km beyond the llne-of—slght and are characterized
by attenuation that increases rapidly in directions away from the 1n01dent

.dlrectlon

Another frequent phenomenon is the formation of a duct, by two
boundary surfaces between layers of air, that guides radio waves between

" its walls. These ducts may be elevated, with both walls above the surface

of the earth, or in the case of a surface duct the earth itself forms one
of the walls. '

While tropospheric'refraction affect the propagation of radio
waves at all frequencies, the tropospheric duct and scatter propagatlon be-
comes important only for VHF and UHF.

Variations in the‘tr0posphere.

The troposphere is an inhomogeneous dielectric. The properties of
this dielectric vary continually with time, so that the fluctuations related
to the formation, movement and disappearance of local inhomogeneities in the
troposphere are superlmposed on the slower variations that are caused by
weather conditions. These variations affect the conditions of propagatlon
and, as a consequence, the received fleld

The field within the llne—of—slght is due to the combination of
the direct and ground-reflected rays. The local irregularities, ‘that these
rays encounter, affect the phase difference between them and causes fading.
In some cases, fading may be due to interference between these two rays and
a wave scattered from and irregularity, as the position of thls 1rregular1ty
varies rapldly.

All tropospheric irregnlarities3 when illuminated by the transmit-

‘ter, become sources of scattered radiation., The multitude of scattered-radi-

ation sources produces the total field at the receiver, and the resulting
fading always accompanies the reception of tropospheric scatter signals.

These variations are rapid and may last from fractlons of a second
to several minutes. They should not be confused with random variations in
the average signal level of longer duration on which fading proper is super-
imposed, and which are caused by changes in the local weather conditionms.
Similarly, these random variations should not -be confused w1th ‘regular
diurnal and seasonal variations.

 The signal level due to scatter propagation is higher in the day-
time than at night, and is higher during the summer than in the winter. At
temperate latitudes, the seasonal varlatlons 1n the slgnal level may be lO
to 12 db. . -
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NOISE.

In every communication system noise is the llmltlng factor whlch
determines whether or not the signal is usable for the transmission of in-
formation.

Radio n01se can arise from natural causes, such as atmospherlc
and cosmic noise, or can be man—made interference.

Atmospheric noise is caused by natural electric discharges in the
atmosphere, such as lightning flashes from thunderstorms. Atmospheric noise
ranges from extremely low frequencies up to about 30 MHz, although the noise
level is hlgher at low frequencies and decreases with increasing frequency.

, Atmospherlc noise may be caused by local thunderstorms or by global sources
and, since noise propagates like radio waves, it is affected by propagation
. characteristics. This is the reason why the atmospheric noise is generally
higher at night, when there is less absorption in the lower ionosphere. It
is also higher durlng the summer, when local thunderstorms are more frequent.
The atmospheric noise level is much h1gher near the equator where most
thunderstorms occur, than at higher latltudes.

At frequencies exceedlng 30 MHz the level of atmospherlc noise is
drastically reduced, because the associated waves can not ‘be propagated by
the ionosphere. Therefore, in the VHF band (about 30 to 200 MHz) the main
source of interference is radio emissions coming- from various radio sources
in and outside the Galaxy and from the Sun. This is called cosmic noise. It
has been found that galactlc radio emission is extremely steady in magni-.
tude, and variations in the emission rate are caused by variable absorptlon.
in the 1onosphere. The cause of diurnal variations in the cosmic noise le-
vel lies in the fact that radio sources in outer space vary in intensity. .
As the earth rotates, each point on its surface comes under different radio
sources, with a periodicity of 24 hours. Sudden changes occur’ only in solar
radio emissions, esPeclally during disturbances.

‘Man-made noise may arise from any number of sources, such as
power lines, industrial machinery, ignition systems, etc., with widely vary-
ing characteristics. Propagation of man-made noise is. prlnc1pally by ground
wave, therefore, it is relatively unaffected by changes in the ionosphere,
and is important only in the nelghbourhood of densely populated.areas and
industrial complexes. Man-made mnoise generally occurs from VLI to’ about
1 GHz, and its level decreases with increasing frequency.

The receiver itself is also a source of noise, which?is produced
by resistors, tubes, etc. The internal noise of the receiver is the llmltlng,

factor when operated at frequenc1es h1gher than about 200 MHz.

LOW AND VERY "LOW . FREQUENCY (LF AND VLF) PROPAGATION

Although for dlstances of a few hundred km, or less, there is ground
wave propagation, LF and VLF waves are mainly propagated like ionospheric
waves - through consecutive reflections between the earth's surface and the
lower edge of the D-layer by day, and the lower edge of the E-layer at night.
It may be said that these waves travel in a spherlcal wavegulde, formed by
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" the surface of the'earth and the lower edge of the ioﬁosphere.

‘ The VLF spectrum is nominally defined as 3 to 30 KHz, but the
usable band is confined to the range of 10 to 30 KHz. This is largely due
to. the dlfflculty in building efficient antennas for such wavelengths. The
propagation is characterized by relatively low path attenuatlon which is
fairly stable with time. This feature, coupled with the fact that VLF energy
is guided for long distances (5,000 to 20,000 km), between the earth and
the ionosphere, makes the VLF spectrum very attractive for long distance
paths when high reliability is important. The noise in this.band is very .
high and, as a result, large transmitter powers are required. This fact,
together with the narrow spectrum available, has resulted in most VLF sys-
tems having narrow bandwidth. In addition, the bandwidths of most VLF an-
tennas are. of the order of 20 to 150 Hz, and ‘their radlatlon efflclency is
in the order of 10 to 20% only.

The LF spectrum, 30 to 300 KHz, is characterized by higher path
attenuation, lower background noise levels, and more stable propagation
time delays, relative to VLF. As a result, LF systems are usually used for
intermediate ranges of 1,000 to 5,000 km. Terminal equipment is. usually
cheaper than in the VLF case and, in addition, the available bandwidths are
greater. ’ - '

Diurnal variations: As a rule, the field strength rises at night
and this increase is greater at higher frequencies. The underlying cause of
this being that reflections from the D- layer entall larger energy losses
than from the E-layer. .

Seasonal variations: In the LF band, these variations are insig-
nificant and manifest themselves only in an increase of about 20 to 50% in
the summer daytime fieldstrength, as compared to that in the winter. On the
other hand, there is a reduction in the night time fieldstrength in the
summer, as compared to that in the winter. In the VLF band ‘“these variations
are even less significant. :

» Suﬁspot—cyele variations: These are also insignificant and take-
the form of an increase in daytime fieldstrength with increasing solar ac-
tivity. The cause of this apparently lies in the fact that the daytime in-
crease in the electron density of the D-layer is accompanied by an increase
in its conductivity and reflectance. »

Ionospheric storm variations: Ionospherlc, or magnetlc, storms
mainly affect the upper part of the ionosphere, which does not contribute
to LF and VLF propagation. Ionospheric storms have relatlvely little effect,
and there are no black-outs at these frequen01es.

Geographical variations: The propagation of LF and VLF waves is *
different in an east-west direction than in the north-south direction. This
caused by the dlfference in the direction of the earth's magnetic field,
relative to the transmission path, and also the: fact that.in the north-
south direction the sun time is. substantially the same along. the, transmis—
sion path, while this is not realized with an east-west transm1551on.
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MEDIUM FREQUENCY (MF) PROPAGATION,

The MF band extends from 300 KHz . to'3 MHz, and communication. at
these frequencies is characterized by both ground wave and sky wave propa-
gation, MF waves are propagated as ground waves during the day, and as both

 ground and sky waves at night. It is only in the winter, and at high lati-

tudes, that sky waves may produce suff1c1ent signal strength durlng the day.

The prlmary reception area is characterized by ground wave propa-

dgatlon, and is comparatlvely limited because of .the earth losses which in-

crease with increasing frequency. Outside this primary reception area there
is a region of fading, where the daytime reception is good the sky waves
being absorbed by the lower part of the ionosphere, but the night time re-
ception is very poor due to interference of the ground and sky waves that
causes constant fading. Beyond this region of fading there is a secondary
reception area, that is only reached by sky waves and receptlon -is only

possible at nlght

It is clear from the above, that the ratio of the fieldstrength
of ground wave to that of the sky wave should be as high as possible. This
can be achieved w1th directional antennas. Directional antennas, which con-
centrate a large portion of the radiated energy along the horizontal, have
an effect on the ground wave that is equivalent to increasing the trans—

mitter power and, therefore, improve the ground wave coverage.

Diurnal. varlatlons~ These are extremely pronounced in the ME' band
and manifest themselves in that the sky wave is completely,: or almost com-
pletely, absorbed during the day. At night, the sky waves are free to pro-
pagate and, as a result, three cases of 1nterference may present themselves,'-
according to the distance from the transmltter.AA .

If the receiver is close to the transmitter, the ground wave sig-

'nal is stronger than the sky wave signal, even at nlght and the s1gnal

strength 1s practlcally independent of the tlme of the day

At greater distances from the transmitter the s1gnal strength is
decided by the ground wave during the day, while at night the sky wave is

‘ stronger.than the ‘ground wave and there is fading.

‘At large dlstances from the transmitter. the ground wave signal is
extremely weak, even durlng the day, and there is no receptlon. On the other

-hand, the sky waves may bulld up a strong signal at night.

It should be noted, that during the w1nter at high geographical

latitudes the sky waves are not attenuated so -strongly as they are at low

latitudes and in the summer. As a result, the sky waves may well be propa—
gated by day .

Seasonal varlatlons The night time electron density of the E-
1ayer, which is the reflecting layer for MF waves, is almost independent of
the season. However, the daylight electron density rises in the summer and
falls markedly in the winter, Because of this, at nlght there is a slight
increéase of attenuation during the summer, while the daytlme sky wave is
much more attenuated in the summer than in w1nter.
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It is important to note, however, that reception is evaluated in
terms of the signal-to-noise ratio and not in absolute terms. Hence, the
marked difference observed in the reception.of MF waves, from summer to
winter, is to be attributed not so much to variations in the signal field-
as to variations in the noise level, At temperate and high latitudes of the
Northern Hemisphere local thunderstorms occur only in the summer, and con-
sequently there is a substantial increase in the noise level., In the winter
the situation reverses, and the signal—to—noise ratio improves considerably.

o Sunspot-cycle variations: The 11 year cycle of solar activities
has but an insignificant -effect on the propagatlon of MF waves, conslstlng
malnly in that the attenuation of the waves 1ncreases somewhat with the
increasing solar act1v1ty. ~

HIGH FREQUENCY (HF) PROPAGATION,

The HF band extends from 3 to 30 MHz, and communication at these
frequencies is characterized by sky wave propagation. Sky wave propagation
enables communications to be carried out at very great dlstances and w1th
moderate transmitter powers.

~ Attenuation of the surface wave at frequencies above 3 MHz is so
great that it is of little use for communications, .except at very short dis-
tances in the order of 25 km or less. The higher- the frequency the more the
surface wave is attenuated.

Depending on the distance, sky waves may reach the point of recep-
tion either by single reflection from an ionospheric layer (single-hop
transmission) or by being reflected several times between the ionosphere
and the earth's surface (mult1h0p transmlsslon) In general, the smaller
the number of hops the better, since each addltlonal hop introduces further
losses at the reflectlon p01nts. :

Sky waves can be reflected from both the E and F layers of the
ionosphere, depending on the frequency and angle of 1nc1dence of the waves,
-although the F-layer is the more important of the two. The F- -layer, having
greater ion density and height, can return radio waves of higher frequency
and to greater distances than the E-layer. Consequently, the E-layer is use-
full, especially during the summer, for short and medium range communications
at the lower frequencies of the HF band while the F-layer prov1des ‘the means
for long distance communications in the entire band..

, Radio waves suffer attenuation in the lower ionosphere, especially
in the D-layer, due to absorption. Absorption of the sky wave decreases with
increasing frequency and, therefore, it is desirable to.use a frequency as
near as possible to the maximum usable frequency, for which predlctlon charts
are available. In practlce, however, frequencies have to be selected in the

range from about 50% to 85% of the maximum usable frequency. Below this range .

of frequenc1es absorption. becomes prohlbltlve, while frequencies above it
are not reliable due to irregular changes in the ionosphere,

Another factor that has to'be‘consldered for sky wave propagation
is the skip zone, that is the area where no reception is possible by either
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surface or sky wave. The extent of the skip zone depends'on\the frequency
of transmission, as well as on ionospheric conditions. The skip zone in-
creases in area with increasing frequency, due to both the accompanying de-
crease in the range of surface wave and the increase in the skip distance.

In addition to the regular sky wave, propagation is also possible
above about 20 MHz through the scattering of radio waves from 1onospher1c
inhomogeneities. However, the ionospheric scatter propagation is usually
masked by the stronger regular sky wave, in the HF band, and can generally
be neglected at these frequencies.

As the ionospheric layers undergo diurnal, seasonal and. sunspot-
cycle variations, regarding their virtual height and ion density,'propaga—
tion of the sky waves is affected accordingly as changes in absorption and
critical frequencies take place. These changes in the sky wave propagation
are descrlbed below.

: Diurnal variations: Owing to higher ion densities during the day,
both the E and F2 layers have higher critical. frequencies. Unfortunately,
absorption is also maximum during the day, which necessitates the use of
higher frequencies. At night the situation reverses and there is a drop in
the ion density of the E and F- layers, while the D and F1l layers disappear,
which leads to lower critical frequencies and negligible absorption. As a
.result, lower frequenc1es have to be used to maintain reliable communlcatlons.
The atmospherlc noise is generally higher at night than durlng the. day

Seasonal variations: Communication,in the HF band is much infe-
rior during the summer, as compared to that in the winter. This is due to
the fact that the F-layer, which is the major means of sky wave propaga- =
tion, has a considerably lower critical frequency’ durlng the summer.than
in the winter, while both absorption and atmospheric n01se are ‘much greater
,1n the summer than in the winter.

Sunspot—cycle variations: Ion density, and therefore the critical
frequency, increases with greater solar activity so that higher frequencies
can be used to advantage. However, absorption and atmospheric noise also
vary proportionally with solar act1v1ty, thereby llmltlng propagatlon at
the lower frequenc1es 1n ‘the HF band.

Geographlcal variations: The ion density, and therefore the criti-
cal frequency, decreases with increasing latitude. On the other hand, the
amount of absorption and atmespheric'ndise also decrease at higher latitudes.
Consequently, relatively low frequencies have to be used at high latltudes,‘
while progressively higher frequencies are required as the equator is ap-

: proached for rellable communications.

The above,.hOWever, does not take into consideration the abnormal

ionospheric behaviours, such as ionospheric storms, absorption in the auroral .

zone, and polar cap absorption, which are dominant at high latitudes but are.
also rather unpredlctable. These phenomena were described earller in the
text. -
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VERY HIGH AND ULTRA HIGH FREQUENCY (VHF AND UHF) PROPAGATION.

There is no surface wave propagation at these frequencies, and’
usually there is no reflection from the ionosphere, so that communication
‘must be via the space wave (direct and ground-reflected rays) for the line-
of-sight transmission, and by means of tropospheric or scatter propagation
for distances beyond the line-of-sight. Within llne—of—slght the signal is
ordinarily qulte stable and free of atmospherlc noise. .

Beyond the line-of-sight tropospheric waves can be expected to
.produce at times comparatively large signal intensities which, however, are
likely to be irregular and very much dependent on weather conditions. Finally,
ionospheric or tropospheric scatter propagation gives fairly reliable com-
munication, if high-power transmltters and large . transmlttlng and rece1v1ng
antennas are employed.

At these frequencies, man-made noise and the internal noise of
the receiver are the limiting factors to the usablllty of signals for com-
;munlcatlons

A The VHF band extends £rom 30 to.300 MHz, and communication at

. these frequencies can take place by Space,lionospheric—scatterg and tropos-
pheric waves depending on the frequency and distance from .the transmitter,
Reliable communication is generally limited to be within the line-of-sight,
by means of the space wave at all frequencies, Ionospheric-scatter propa-
gation permits communlcatlon in the frequency range of about 25 to 60 MHz,
over distances of 1,500 to 2,000 km. The troposphere expands the range of
'space waves through refractlon and also provides the means for tropospheric
scatter and duct propagation. Tropospherlc scatter generally takes place
between about 40 MHz and 4 GHz, and covers distances up to about 1,000 km,
while duct propagation is possible above about 100 MHz and for distances

up to about 800 to 1,000 km.

The UHF band extends from 300 MHz to 3 GHz Communication at these
frequencies can take place by space wave within the llne~of—s1ght, and by
tropospheric waves beyond it, as it was descrlbed above.,.

Diurnal variations: The field 1ntens1ty, due to space wave, shows
llttle diurnal variation within the line-of-sight, however, it is generally
" greater during the day than it is at night beyond the line-of-sight because
of ‘stronger refraction in the troposphere :

Seasonal varlatlons‘ These are similar to the diurnal variations,
and the field 1ntens1ty is hlgher during ‘the summer than in the winter.

Sunspot-cycle variations: There ~appears to be little variation of
signal intensity w1th sunspot number. ’

Geographical variations: Although the space wave shows  no varia-
tion with geographlcal location, the scatter and duct propagatlon is usually
stronger near the equator than at hlgher latltudes. :

It should be noted that, although these regular’variations take
place, and affect communications accordingly, changes in the local weather
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conditions have a more pronounced effect at these frequencies.
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~ APPENDIX 2.

POWEﬁ RATINGS AND CONVERSION FACTORS.

The power of a radio transmltter, as stated by CCIR, can be ex— .
pressed by any one of the. follow1ng terms:

1. ‘peak envelope power (Pp);
2. mean power (Pm);
3. carrier power (Pc).

Peak envelope power pefers to the average power during one r.f.
'cycle, at the. hlghest crest of the modulation envelope, taken under normal
conditions.

Mean power refers to the. poWer of a'signal averaged over a suffi-
ciently long interval, as compared to the perlod of the lowest frequency
encountered by the modulatlon.

Carrierﬁpower is the power .of one r.f, cycle, under conditions
of no modulation. ‘ '

To facilitate the comparison of assignments with the transmitter
power expressed in different terms, and to relate them to the results of.
the CRC high frequency prediction program (which uses mean signal power),
all transmitter power levels were reduced to mean signal power, using the
conversion factors given by CCIR'X-th Plenary Assenbly, Geneva, 1963,

Vol. 1.

For example, let us consider an A3A signal (single 81deband re-
duced carrier) with a 1 watt peak envelope power, From the CCIR tables we -
have the following conversion factors:

carrier power

025
peak envelope power

mean power (signal and carrier)
peak envelope power

= .096

Therefore, the carrier power = ,025 x 1 = ,025 watt,
total mean power = .096 x 1 = .096 watf,'and_'
total mean pQwef\-”carrier'ppwer

= ,096 - .025
= ,071 watt.

mean signal power

The conversion factors for the other types of emissions were ar-
rived at the same way, and are listed in the following table. '




Factors for listed transmitter power to mean signal power conversion.
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, Type of emission | Listed trans- Conversion factors to convertéiisted
mitter power .| transmitter power into mean signal
power

Al Pp .5

A2 Pp .062

A2H Pp .25

A3 Pm .05

A3A Pp .071

ASH Pm .09

A3J Pp. .;

F1-F9 A -~ Pm 1.0
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APPENDIX 3.

DETAILED DESCRIPTION OF THEORETICAL COVERAGE MAPS AND THE.PARAMETERS‘USED;

The computer facilities and the HF prediction program of the Com-
munications Research Center, Department of Communications, were used to
determine the theoretical coverage area of the monitoring stations. To make |
use of this program it was necessary to provide the following information:

1. location of transmitter and receiver;

-~ the location of the receiver was that of the monitofing.station under
- study, : '

- the transmitters were assigned: p031t10ns at various distances and
azimuths from the monitoring station. For most of the stations eight
locations, between 250 and 3,000 km, were used.along.two azimuths,
one northerly and one elﬁher easterly or westerly., For some statlons,
the northern ones, a thlrd southerly. a21muth was also 1ncluded

2. time, month and sunspot number;

© - results were obtained for 12 intervals, throughout the day, for months
3,6,9, and 12, and for sunspot numbers 0,25,50,75, and 100.

3. 'signal characteristics;

- the results were calculated for transmitter signal powers of 1,2,3, _
5, and 10 watts (mean 31gnal power), and for frequenc1es 2 through
25 MHz ‘ o

4, type and bandw1dth of em1331on,

- the tests were conducted for 31ngle 81deband suppressed carrier
signals of 3 KHz bandwidth. oo :

5. antenna characterlstlcs;

-~ the transmitter antenna was defined as an omnidirectional antenna -
with an efficiency of 100%,
- the monitoring station antennas’ were defined as 31mple dlpoles, 60 ft
- above poor ground, -
* - the monitoring station antennas were assumed to have a 0 db discri-
mination gain,

6. required signal-to-noise ratio at the receiver;

- the minimum 31gnal—to noise ratio requlred at the receiver for re-
ception was set at 15 db (based on CCIR flgures) :
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7. local noise_levelsg

. - the local noise levels were taken from the CCIR X-th Plenary Assembly,
' Geneva, 1963, Report 322, using the figures given for a quiet rural
location. ' '

The values assigned to the last three parameters are approximations
only, as no absolute figures are possible. No antenna is 100% efficient,
while the required signal-to-noise ratic at the receiver depends on the re-
ceiving facility and operator experlence The local noise level, on the
other- hand may change significantly in conjunction with changes in human
activity and local weather conditions. These values, however, may be con- _
sidered as base values and the results of the computer program can be inter-
preted for different values of these parameters. For example, if the effi-
ciency of a particular antenna is only 50%, instedd of being 100% as as~ =~
sumed, this would mean that a station w1th a transmitter power of 2 watts
would only radiate 1 watt and, therefore, to determine the coverage of such
station we would refer to the 1 watt coverage maps. A similar 1nterpolatlon.
can be used when values of local noise and the required signal-to-noise
ratio at the receiver are different from the assumed values.

The results of the computer program are in terms of probablllty
of communication, and a sample output is shown in Figure 1. For each parti-
“cular value of sunspot number, month, and frequency there are 12 probabili-
ties given, one for each two hour perlod of the day. To simplify the prob- -
lem somewhat, it is necessary to reduce these 12 probabilities to one rep-
resentative dally average, It is qu1te common for these probabilities to
vary greatly during the day but, since effective monitoring does not ne-
cessarily require reliable reception during the full 24 hour period,
had to be decided how many probabilities have to be used to produce a
realistic and meaningfull daily average. A number of representatlve graphs
are shown in Figures 2,3,4, and 5, indicating how the dally average. changes
as a functlon of the number of terms used. .

From these graphs two distinct patterns emerge. In the winter.
there is, in most cases, little change in the result regardless of.how many
terms are used, whereas in the summer the resulting average usually in-
creases steadlly through 5,4,3, and 2 terms and a relatively large ‘increase’
occurs when only one term is used It can also be observed that, when the
individual probabilities are high (the situation we are most 1nterested in),
there is little variation in the result whether 1 or 4 terms are used. in ’
the average. Based on these considerations, it was decided that the average -
of the two highest probabilities that occur during. the day would be used.
This average represents four hours of the day and, in most cases, it will
provide a reasonable 1nd1catlon of the probability of communlcatlon for up
to elght hours of - the day.

Once it has been decided how many terms aré to be used for the
dally average, a threshold value had to be determined such that if the daily
average is greater than the threshold ‘value the transmitter in question will
be consldered effectively covered, while if it is below the threshold the
transmitter would not be consldered covered. In reality, of course, there
is no sharp distinction between these two situations, however, for the pur-
pose of ‘this study such distinction had to be made. The effect of - threshold
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value on the coverage range is shown in Figures 6;7,8, and 9.

It can be seen from the graphs that a threshold value of .85 or
greater results-in little or no coverage area, and that the relative dif-
ference in coverage for values of .85 and .80 fluctuates greatly depending
on the frequency. As the threshold value is lowered below .80 the coverage
range steadily increases, but the reliability of receptlon decreases at the
same time. Therefore, a threshold value of .80 was chosen which seems to
represent the best compromise between high reliability, hence small and un-
realistic coverage, and a large coverage area but low reliability. Con-
sequently, within these definitions of daily average and threshold level,

a transmitter is considered effectively covered if the average of the two.
highest probabilities of communication is greater than or equal to .80, or in
other words if there is at least an 80% probability of reception, for at
‘least 4 hours of. the day.

Once the.averaglng method and the threshold-value has been deter-
mined the daily averages were tabulated, as shown in Figure 10. With the
results for all distances on each azimuth tabulated, it is a.simple matter
to calculate the distance at which the .80 threshold value occurs, and
hence the coverage range for that partlcular azimuth, transmitter power,
frequency, etc. can be determined. To determine the coverage area of a
monitoring statlon, therefore, it is only necessary to calculate the cover—
age range for various a21muths.

Prellmlnary studies were conducted for the monltorlng statlons,
as outlined above, to determlne the coverage range along various azimuths.
These results indicated that the coverage areas are generally circular, and
that for all practical purposes they are symmetrical about the north-south
‘axis. For these reasons, it was decided that only two azimuths are neces-
sary to adequately define the coverage area of most monitoring stations one
north and another either east or west, while for northern‘stations a third
southerly azimuth is helpfull to deflne the’ southern llmlt of the coverage
area.

Once the general method was established, it was necessary.to de-~
termine the particular parameter values to be used. From the computer out-
puts data was available for five different sunspot numbers, four different

months, ‘five transmitter power levels, and 24 different frequencies; a total
" of 2,400 different comblnatlons. Clearly, all of these combinations could
not have been studied and the investigation had to be restricted to. those
parameter values which were the most relevant and informative. :

The parameter values used in the study, and the reasons for their
selection, are dlscussed below: -

1. Sunspot number: A.graph indicating the variations in sunspot number,
from 1700 to 1960, is shown in Figure 11. It can be seen'from this graph
that the mean value is approximately 50 and, therefore, this was chosen
as the base value for the study However, the effect -of sunspot number
on the _coverage area is shown in Appendix 5. .

2. Month It was found that in Vlrtually all cases monitoring coverage is
best in the winter (December) and worst in . the summer (June). Therefore,
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these two months were the most intensively studied. However, several maps
indicating the coverage areas for March and September are included in-.
Appendix 5. .

Transmitter power: Maps indicating the effect of transmitter power on

the coverage area can be found in Appendix 5. Generally, the winter co-
verage areas are very large, even at low transmitter powers, hence the
results for winter coverage have only been plotted for 1 watt. On the
other hand, during the summer there is virtually no coverage at 1 watt
and,,therefore, the results were plotted for 3 and 10 watts only.

Frequency: The monitoring coverage maps have been drawn up for frequencies
of 3,4,5, and 7 MHz and also 9 MHz for 10 watts in the summer. As the

. vast majority of the assignments are concentrated at the low end of the

HF band, it was felt that to be practical the coverage maps should also-
be limited to these frequencies. However, should the need arise, it.
would be a relatively simple matter to prepare coverage maps . for the
higher frequencies as well.
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FIGURE 2,.

DAILY AVERAGE AS A FUNCTION OF THE NUMBER OF TERMS USED IN

THE- AVERAGE.
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FIGURE 3.

DAILY AVERAGE AS ‘A FUNCTION OF THE NUMBER OF‘TERMS USED IN

THE. AVERAGE.
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FIGURE 4,

DAILY AVERAGE AS A FUNCTION OF THE NUMBER OF TERMS USED IN

THE AVERAGE.
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FIGURE 5.

DAILY AVERAGE AS A FUNCTION OF THE NUMBER OF TERMS USED IN

THE. AVERAGE.
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~ FIGURE 6.,

COVERAGE RANGE AS A FUNCTION OF THRESHOLD PROBABILITY;
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FIGURE 7.

COVERAGE RANGE AS A FUNCTION OF THRESHOLD PROBABILITY.
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FIGURE 8,

COVERAGE RANGE AS A FUNCTION. OF THRESHOLD PROBABILITY.
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 FIGURE 9,

COVERAGE RANGE AS A FUNCTION OF THRESHOLD PRO_BABILAITY. -
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APPENDIX 4,

“TABLES USED FOR MONITORING TRENDS.

TABLB_l.»Radio station licences in force from 1945/46 to 1971/72;

Licensing Year | Licences in Force || Licensing Yéar  Licences in Force
i === e e
1945/46 7,427 - - 1959/60 59,760
1946/#7 8;601 ‘_ 1960/61 C 87,742
1947/u8 12,799 , - 1961/62 79,329
1948/49 13,178 |l 1982/63 198,670

-1949/50 15,316 i | 1963/54 . | _i19,773
1950/51 - 16,685 ' 1964/65 'V- 136,912
1951/52 - 15,685 _-1965/66 | 153;840-
1952/53 15,900 - |l 1966/67 4,__ :  191;849
1953/54 214,006 — ‘i957/68 L élé,sgo
'1954/55 26,358 . 1968/69 - 229,785 -

- 1955/56 27,455 = 1969/70 .. 245,789
1956/57 34,462 1970/71 . 256,327
1957/58 39,716 | 1971/72 | = 268,810
1958/59 52,807 NN - ' -

. NOTE: Figures up to 1969/70 are exclusive of any broadéasting ser- -
vice licences. Figures from 1970/71 include licences issued
for auxiliary broadcasting service stations.
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TABLE 2. Variation in frequency assigmments (civil & DND) below 30 MHz..

Year |No. of frequencies { No. of frequencies | Increase in theiij;ber'of
assigned deleted : 'nfrgquency assignments
1965 2,377 o e | 1,708
1966 | 2,991 | | gou | 2,137
1967 :A; 3,915 2,432 - 1,483
1968 : 3,740 ' 3,262 A | ' ' 478
1969 3,292 1,381 . - 1,911
1970 - 3,013 | . 1,624 : ‘ . 1,389
1971 |- 6,063 . 3,223 o '2,846

TABLE 3. Variation in frequency assigmnments (civil & DND) above 30 MHZ;

Year |No. of frequencies | No. of frequencies | Increase in the_numﬁzf of
' assigned - deleted : frequency assignments
1965 4,703 1,051 3,652
1966 | - 7,329 " 1,782, 1T ."5,547
1967 | - 7,749 3,717: : - 4;032
1968 7,024 ‘, T u.e3s . |- ' _;2,391
1969 | . 9,460 ‘3,118 . - ’." s;suz
1970 89143: ' S 4,178 _ '“_ 3,965
1971 6,189 . 2,228 o : o .s,gsi
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TABLE ‘4, HF a381gnment dlstrihutlen.i

Year Number of Assmgnments
3 -4 MHz | 4 -5 MHz 5 - 7 MHz: - 7 ~ 30 MHz “|  Total
H
1963 1,598 ' 3,118 1,367 | ’378 e 6,461
1964 l,8ul‘ 5,586' '_'”1,73é‘ 629 7;788
1965 1,960 4,060 1,950 T 771 | 1»8,741
1966 2,055 B T | 2,267 T T é,?éu
1967 '2,2u5 5,217 2,669:-‘_ ] 1,066. K \ i1,197
1968 2,421 - | 5,865 3,142 ' 1,540-- - 12;768
1969 | 2,735 :‘ 6,97& -g,osg" 1,655 g 15;433.
1970 2,957 | 8,313 5,289 || 2;020 18,570
1971 3,302 9,482 | \6,5651 N f_g,sgz,” .; 21,941

TABLE 5. VLF, LF & MF assignment distribution.

- - a°s kil
Year Number 6f:ASéighmen#S,bel°W’3}MHZ: '
1968 o 7,882
1964 8,250
1965x T ' »8;539
1966 B 3,610
1967 - S io?oéé.‘

1968 N 12,951

1969 S 18,7H1

1970 o 14,706 o
ﬂ=%:1971» 1 . 1s,609 . .

Yearly deletlons were not taken into con31derat10n, in the above tabless
since no data were avallable. ~
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TABLE 6. VLF, LF and MF intercept distribution.

Monitoring Station Number of‘Intércepts
' below 3 MHz
'ACTON' - 39y
ALMONTE 301
FT. SMITH 751
LADNER 256
MELVILLE 353
MONTAGUE - 413
SENNETERRE 61
ST, LAMBERT 215
THUNDER. BAY | 213
- WETASKIWIN . 285
 TOTAL: 3,2u3

TABLE'7. HF intercept distribution.

Monitoriné.Station , Numbeerf}Iﬁterce ts —
|3 -4 MHz| Lk -5 MHZ_ 5 - 7 MHz | 7.~ 30 MHz Total
ACTON - 34 507 | 226 130 897
ALMONTE 19 385 161 118 683
FT. SMITH | 1,123 672 oug 2,157
LADNER 90 206 igo. 92 578
MELVILLE . 12 572 308 108 995
MONTAGUE 27 372 240 136 775
. SENNETERRE 20 110 R 136 330
ST. LAMBERT .;ol'- '332'.' 395 90 $  918
THUNDER BAY 21 639 155 56 871
WETASKIWIN 87 638 | 443' .. T 1,247
L © - TOTAL: 525 i, 88U 2,859 1,183 9,u451



TABLE 8. HF assignmert distribution.
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Mean Signal Power (watts)

nYear STl 1.0 - 2.0 2.1 8.0 [ bove 5.0 Toral mo- of éssighmen??
| ]1963 2,063 - | 1,350 | 458 2,590 6,461
.|1964 12,316 1,504 -1585~ s,éssiv 7,788
llées 2,486 1,563 .v" é§6 : 3,é267" 8,741
1966 | 2,6ul 1,687 1,009 u;g;u ‘“ ' 9,?54
1967 2;913 1,813 .1,198I 5,248 11,197
1968 | 3,298 1,982 1,387 - | 6,101 | 'i2g768 s
1969 | 4,149 2,149 “i,éségi N 7;43@ 7_15;433,'
1970 | 4,990 | 2,404 | 1,077 | “o,118 18,579 ;'
n}971. 6,054 2,632 ~¢_2,374'22‘ §iQ5é§i B 21,941 - 1

TABLE 9. VLF, LF & MF assignment distpibution.

Year

Mean Signal Power (watts)

Tétal no. of a531gnments

0.1 = 10| L1.1 = 2.0 7.1 - 3.0 above 3.0 below 3 MHz.

1963 | 4,974 599 ﬁ‘QSS"_{. 1,821 'f7,632i7775
1964 | 5,278 719 265 1,088 8;25Q ff
1965 5,328 - 775 . 288 j?éius 8;539 }'
1966 | 6,047 sul | 315 '.-25467A 9;610'
1967 | 6,127 942 "353 - :'2;671 10;095
1968 _8;456ﬂ 1;163 387 . S,QO5A' '12,951
1969 8,786 15164‘ 453 35344:-- 13,71
1970 { 9,179 | 1,239 502 '3;786 - -14,706-f’
1971 | 9,569 1,319 | 554 -%,167'. ;‘_ 15,669

Yearly deletlons were not taken. into con31deratlon,'1n the above tables, s

_since no data were avallable.




40—

'TABLE 10. VLF, LF, and MF intercept distribution.

Monitoring |- _ Number of Intercepts below 3 MHz .
‘Station below 1.1 - 2,0 2.1 - 3.073.,1 - 5.0]5.,1 - 10} above 10
| 1 watt®] watts® watts® | - watts® watts® ,watts*‘m
ACTON 13 23 21 u ie0 | o273
| ALMONTE 7 W N 2 43 231
| FT. SMITH 59 30 '35 66 97‘:A no4
LADNER 17 10 10 21 yy 124
MELVILLE 23 55 4 39 50 | 182
MONTAGUE 63 33 5 12 68 232
SENNETERRE 2 7 - - 18" 3u
ST. LAMBERT | 3 21 2 3 29 | 187
THUNDER BAY 5 21 9 8 18 157
WETASKIWIN | . 14 By 7 19 50 | 1ug
TOTALY 206 351 _ 97 .3'16& 125 477 fa,0u3 |
* Mean signal power i " ' S
TABLE 11. HF intercépt distribution.
Monitoring . Number of Ihtérqépts’ A - S
" Station Below JL.1 =2.0 2.1 - 3.0]3.1 - 5.0 5.1 — 10 | above 10
1 watt*| watts® | watts® | -watts® | .watts® watts®
ACTON 79 120 70 '75.; 257 | o208
ALMONTE - 59 99 52 66 166 2u1
FT. SMITH 343 230 265 256 Cson . | w69
LADNER 28 32 53 108 [ 208 | 1ue
MELVILLE 207 11 | e 111 237 238
MONTAGUE 31 50 53 79 350 212
SENNETERRE | 383 - 7 49 ‘18 183 90 -
ST. LAMBERT 193 89 97 83 éog; 152
THUNDER BAY{ 217 152 80 88 130 |- 204
WETASKIWIN | 177. 143 123 223 agu | ou7
L TOTAL: |1,367 1,083 | 933 ’.i,%os 2,718 | 2,300
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TABLE 12. Variation in the number of amateur radio licences. :

-Year Number of licences Change o _ %—change
| 1960/61 ~ 9,028 R ‘fZT"‘T"*‘====?=5=T?===f=”
1961/62 9,347 | -'5-+ 318 o 3.52
1962/63 ﬂ-. 10,208 .f:ési a "AA5‘9;21
1963/6u | B o600 | +w432»' ’" 4,28

© 1964/65 11,238 f ‘ + 598 | 5.62
1965/66 | 11,704 - + 466 1 ‘u.iu
.1966/67 12,120 +ou16 8.5
1967/68% | 112,502 o]t o882 _ .-_‘.3;15.
1968/69 | - 12,061. o - uEl | _ ‘_ 3352;'

| To65770 _ 11,906 ' - 155 - 1 : o128
1970/71 T 12;155 ' S+ 249 ‘ . 2.09 '
1971/72 | 12,607 o «--+“452:j;. : 3.71

% Ligence.fee'was“increaséd ffomf$2}50:tq $10.00

'TABLE 13. Variation in the number of'General_Radio‘Serice‘licencesﬁﬁ

Year _ Number,ofviicenceé N Chapge. : _%T¢hange"
1962/63 13,579 1 - -
1963/64 | . zu,sgé i + io,slg , : -.,79.67
1964/65 36,112 + 11,714 - #3.01
1965/66 . '41;53u o r s,uéz | 15,01
1966/67 50,859 + 9,325 C 22,45
1967/68 ~ 58,8u4 + 7,985 ) ©15.70
1968/69 - - 63,2?2 o+ u,u28 - . 7.52 '
1969/70 | 60,965 ‘ - 2,305. ' 3.6k
1970/71 ° 59,789 , - 1,176 O 1.92
1971/72 | 58,447 - 1,342 2.4
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TABLE 14, Distribution of‘operafdr activities.

Vear Total man-hours | Actual operating | Other activity* Time lost
possible (A) man-hours (B) man-hours (C) A - (B +C)
oot
1965 70,080 41,078 2,967 26,035
1966 78,840 4, 567 13,877 120,396
1967 78,840 44,386, ' 11,583 22,871
1968 78,840 52,382 . 116,079 10,379
1969. 78,840 - 56,423 13,168 9,249
1970 87,680 - 64,261 10,894 12,525
1971 87,680 63,361 15,499 8,820
*Includes: Operator training, A351st1ng oic, Actlng 0Ic,
Instructor. :

TABLE 15. Approximate distribution of time spent on monitoring.

Monitoring | Monitoring Monitoring Réutine" ‘ Special
Station below 30 MHz | above 30 MHz | Surveillance Assignments |}
- — —— —— ——————— -
ACTON 25% 75% - 88% 12%
ALMONTE 75% 25% 70% 30%
FT. SMITH 95% 5% 50% 50%
LADNER 50% 50% 80% 20%
MELVILLE 85% 15% 50% 50%
MONTAGUE 95% 5% 50% 50%
SENNETERRE 90% 10% 70% 30%
ST. LAMBERT. 50% 50% 60% 40%
ST. REMI 0.5% 199.5% 50% 50%
THUNDER BAY 60% - 140% 70% 30%
WETASKIWIN 95% 5% 80% - 20%
'—-———*d========Eﬁ=ﬁ===n
" NOTE: It is.important to. remember that these are only approx1mate '

flgures and change from time to time.
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TABLE 16. Variation in the distribution of monitoring assignments.

Year , Assignment briginated by Remarks

*- | Headquarters | Regional Offices _M0nitoping'8tations Remarks
1962 367 152 2,086 . -8‘§tati6hs
1963 365 197 2,505 8 stations
19éu 588 - 207 2,087 '8 stations
1965 504:\. 195 ‘2;367 9 stations
1966 4ol 257 2,509 59 stations
1967 3u0 210 . 2,750 | '.9‘Sfat%ons
1968 370 . 236; - 3,000 - 9 sfafions
1969 279 7290 73,200 . QVStafions
1970 299 1301 3,610:. 9'§tati§ns
1971. 1u8 V234 © 3,726 -_‘io stations

Note: HQ/RO assignments are becoming less due to delegating
- more authority to the monitoring stations regarding
Broadcasting Stations, DND Stations and other users.
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APPENDIX 5.

MAPS OF MONITORING COVERAGE AREAS.

Map - Name .Mean‘signa; power | Frequency .
JINo. . -~ (watts) -} (MHz)
1 Assignmenf densify total 3 -1 :
. 2 .| Assigmment density . total 4 - 5
3 | Assignment density total 5~ 7
4 | Assigmment density total > 7
5 .ObSerVed coverége‘ <1 < 3
6| Observed coverage - 1-3 L <3
7 | Observed coverage 3 - 10" < 3
.8 | Observed. coverage o> 10 < 3
9 -Assignment'density <1 3 -y
10 | Observed coverage A L <1 3 -4
11 | Theoretical coverage (winter). <1 -3
12 | Assignment:density - 1-3 3 -4
13 Observed coverage . - 1 -3 3 -4
14 | Theoretical coverage (summer) 3 . 3
lSi ‘Assigrment densityi"A :;;>'3‘ 3 -~ U
16 Observed coverage 3 =10 3 -1
17 Observed coverage . > 10 3 -y
18 | Theoretical coverage (summer). .10 37
19 '| Assigmment. density | <1 4L -5
20 | Observed coverage - - <1 4 - 5
21 | Theoretical coverage (winter) o1 Y
22. | Assignment density 1-3 U~ 5
23 | Observed coverage _ 1 -3 4 - 5
24 | Theoretical coverage (summer) 3 Y
25 | Assigmment density S>3 4 - 5
26 | Observed coverage 3 - 10 4 - 5
27 | Observed coverage - - - ~ > 10 4 - 5
28 | Theoretical coverage (summer) .10 ¢ Uy
| 29 Assignmeht”density <1 5-7
30 | Observed coverage - . <1 5.~ 7
31 | Theoretical coverage (winter’) oL 5
32 | Assignment density’ 1-3 5~ 7
33 | Observed coverage : . 1-3 5~ 7
34 | Theoretical coverage (summer) '3 5
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© Frobisher Bay (summer)

Map Name Mean signal power | Frequency
No, (watts) (MHz)
35 | Assignment density" >3 . 5 -7
36 | Observed. coverage 3 -10 5-7
37 | Theoretical coverage (summer) 10 5
38 | Assignment density K : <1 > 7
39 | Theoretical coverage (winter) S "7
40 | Assignment density - 1 -3 >
41 | Theoretical coverage (summer) 3 -7
42 | Assignment.density _ >3 >7
43 | Theoretical coverage (summer) 10 7
44 | Theoretical coverage (summer) 10 g
.45 | Coverage -area as a@functipn 1 3
" of SSN (winter) o o o
‘46 | Coverage area as'a function 1 5
i = | of SSN (winter) I A '
47 | Coverage area as a function ‘1 7
B - of 'SSN (winter). " _ o
48 | Coverage area as a function 10 3
" | of SSN (summer). S .
49 Coverage area as a function 10 5.
of SSN (summer) = . ' o :
50 | Coverage area as a function - 10 .7
of SSN (summer) C o :
51 | Coverage area as a function 3 3
o of month o S o ,
52 | .Coverage area as a function .3 5
of ‘month _ L -
53 | Coverage-area as a function 3 7
of month- ‘ ‘ ' L o
54 | Coverage area as a function - 3
of power (summer) ;
55 | Coverage area-as a function - 3
of power (winter) ' , :
56 | Theoretical coverage for 1 3
.| Frobisher Bay (winter) - - :
57 | Theoretical coverage for 1 5
" Frobisher Bay (winter) o .
58 | Theoretical coverage for. . 1 7
Frobisher Bay (winter)’ '
.59 | Theoretical coverage for 3. 3
"~ | Frobisher Bay (summer) - .
60 | Theoretical coverage for v 3 "5




—46-

Mean signal power

Map Name Frequency
'No. . : © . (watts) (MHz)
61 | Theoretical coverage for 3. 7
Frobisher Bay (summer) A :
62 Theoretical coverage for 10 - 3
Frobisher Bay (summer) , '
63 | Theoreéetical coverage for . 10 5
- | Frobisher Bay: (summer) )
64 | Theoreétical coverage for 10 -7
' Frobisher Bay (summer)
65 | Theoretical coverage for 9

| Frobisher Bay .(summer)

10 -
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Map No.48
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Map No. 51

COVERAGE AREA AS A
FUNCTION OF THE MOWTH
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Map No.54

COVERAGE AREA AS A

FUNCTION OF THE POWER

Frequency (MHz)
Power (Watts)
Month

3
é&3510

50

Sunspot No.




FFEE

PN

Map No.55

COVERAGE AREA AS A
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Map No.56
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Map No.57
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Map No.58
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Map No.59
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Map No.60
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Map No.6l1
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Map No.62
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Map No.63
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Map No.64
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