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1. INTRODUCTION

The science of radio wave propagation begins when
the waves leave the radio transmitter antenna and
ends when the waves enter the receiver antenna. A
single chapter of a book cannot begin to cover a field
as large as this science encompasses, and no attempt
is made to do so. Sufficient information is provided
in this chapter to familiarize the reader with radio
wave propagation to the extent that he will be able to
solve practical propagation problems. This chapter
includes brief explanations of how sky wave trans-
mission takes place, how the ionosphere is formed
and its composition, ionospheric absorption of sky
wave field intensity, noise limitations, and effects of
different types of service. A practical problem is
included to illustrate how the feasibility of a good
communication link between two points is determined.
This problem includes not only the feasibility of sky
wave communication but also the feasibility of ground
wave communication. The results of such a study
provide information which can be used to improve the
communication link, such as the lowest useful high
frequency (LUHF) which can be employed and the
lowest effective radiated power which can be used.
The illustrative problem used is based on a vertically
polarized wave, such as is propagated from a whip or
vertical antenna,and is over a path length less than
2000 kilometers. No attempt is made here to investi-
gate communication links greater than 2000 kilometers,

2. FORMATION OF THE IONOSPHERE

When an electromagnetic wave impinges on an atom,
it is capable of moving an electron from an inner orbit
to an outer orbit. When this occurs, the electron has
absorbed energy from the wave. If the frequency of
this incident wave is sufficiently high, such as in ultra-
violet waves, an electron may be knocked completely
out of an atom. When this occurs, a positively
charged atom, called a positive ion, remains in space
along with the negatively charged, free electron. The
rate of ion and free-electron formation depends upon
the density of the atmosphere and the intensity of the
ultraviolet wave. However, as the ultraviolet wave
produces positive ions and free electrons, its intensity
diminishes. Therefore, the ionized region will tend
to form in a layer, forming few positive ions and free
electrons due to the less dense atmosphere when the
ultraviolet wave is most intense, forming more posi-
tive ions and free electrons due the more dense

atmosphere when the ultraviolet wave is of moderate
intensity, and again forming few positive ions and free
electrons due to the low intensity of the ultraviolet
wave in the most dense atmosphere. This relationship
between ultraviolet wave intensity, rate of ionization,
and atmospheric density is shown in figure 11-1.

The formation of positive ions and free electrons is
not, in itself, sufficient information to account for the
existence of an ionic layer, because the positive ions
and free electrons tend to recombine due to the
inherent attraction of their unlike charges. The
recombination rate is directly related to the molecu-
lar density of the atmosphere, because the more
dense the atmosphere the smaller is the mean free
path of the free electrons. The recombination rate is
also directly related to the density of positive ions
and free electrons. Therefore, as the ultraviolet
waves continue to produce positive ions and free
electrons, a free electron density will be reached
where the recombination rate just equals the rate of
formation. In this state of equilibrium, a free elec-
tron density exists for every set of given conditions,
although any particular electron may be free for only
a short time.

That more than one ionic layer exists is explained
by the existence of different ultraviolet wave fre-
quencies. The lower frequency ultraviolet waves tend
to produce a higher altitude ionic layer, expending all
of their energy at the high altitude. On the other hand,
the higher frequency ultraviolet waves tend to pene-
trate deeper into the atmosphere before producing
appreciable ionization. In addition to the ultraviolet
waves from the sun, particle radiation caused by
thermonuclear explosions on the sun, cosmic rays,
and meteors produce ionization of the earth's atmos-
phere, particularly in a higher altitude layer.

3. IONOSPHERIC ABSORPTION

For sky wave transmission, the transmitted electro-

magnetic wave must travel through the ionic layers.

To do so, the incident wave interchanges energy with
free electrons and ions. If this interchange of energy
is completely reciprocating, the wave will emerge
from an ionic layer with no loss of energy. On the
other hand, if an ion or free electron collides with a
neutral atom or recombines with its opposite, any

_ energy the ion or electron may have received from the

incident wave is given up and lost. Energy from the
sky wave which is lost in this manner is said to be
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Figure 11-1. Formation of an Ionized Layer by a Single-Frequency Ultraviolet Wave

absorbed. This ionospheric absorption is greatest in
the lower ionic layers because these layers exist in a
denser atmosphere where the collision frequency is
highest. Ionospheric absorption is discussed in
greater detail in paragraph 6b. of this chapter.

4. STRUCTURE OF THE IONOSPHERE

One of the most useful techniques for exploring the
ionosphere is to transmit r-f pulses vertically into the
atmosphere and to receive the reflected pulse. The
echo time is indicative of the height of the ionospheric
layer, and the received magnitude of the pulse is
indicative of the thickness of the ionospheric layer.

When pulses of various r-f frequencies are transmitted,

a critical frequency f, can be determined, above which
the vertical sky wave will not be reflected back to the
earth. This critical frequency is indicative of the
extent of ionization of the layer, with a higher critical
frequency indicating greater ionization. These
vertical soundings indicate that there are four distinct
ionic layers as shown in figure 11-2. They are as
follows:

D REGION -- This region is not always present, but
when it does exist, it exists only in the
daytime and is between 50 and 90 km
above the earth, being the lowest of
the four layers. This region is so
highly ionized, and the collision fre-
quency is so great that little or no sky
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wave reflection is obtained from it;
the sky wave usually is totally absorbed.

E LAYER -- This layer exists only during daylight
hours at a height between 90 and 140
km above the earth. This layer
depends solely upon ultraviolet radia-
tion from the sun, and it exists in an
atmosphere where the ion-electron
recombination rate is high. Since the
E layer depends directly upon the sun,
it is most dense directly under the
sun. Seasonal variations occur in this
layer because the sun's zenith angle
varies to produce the seasons. Since
the E layer exists in an atmosphere
where the recombination rate is high,
all of the ions and free electrons
recombine shortly after sunset, and
the layer disappears. Because E
layer density follows the sun, points
of equal latitude have the same E
layer conditions at the same local time.

F; LAYER --The F; layer exists at a height between
140 and 250 km above the earth during
daylight hours. This layer behaves
like the E layer during daylight; that
is, it follows the sun. When the sun
sets, the Fj layer rises to merge with
the next higher ionic layer, the Fy
layer.
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TYPICAL SUMMER DAY IONOSPHERIC RECORD
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TYPICAL WINTER DAY IONOSPHERIC RECORD
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Figure 11-2. Typical Ionospheric Record

Fy LAYER -- The F, layer is the highest and most
useful ionic layer for sky wave transmission because
it exists during the night as well as during the day.
This layer is between 150 and 250 km above the
earth during the night for all seasons of the year.
During the day in the summer it is between 250 and
300 km high, and during the day in the winter it is
between 150 and 300 km high. This variation in height
is accounted for by the effect of solar heat on the
layer which increases its height and decreases its
ion density during the summer. The reduction of
solar heat in the late afternoon causes the layer to
descend. No complete explanation has been made
for the existence of the F, layer, but it is known
that it is considerably affected by particle radiation
from the sun, which is evidenced by the strong

influence that the earth's magneticfield has onthedis-
tribution of the Fy, layer. The effect of the earth's mag-
netic field results inthe greatest ion density, and the
highest critical frequency, in a region about 20° from
the magnetic poles, rather than directly under the sun
as inthe case of the D and E layers. Since the earth's
magnetic field is not evenly distributed, longitudinal
variations exist in the Fg layer for points of equal
latitude at the same local time. For this reason, the
earth is divided into zones which represent different
degrees of magnetic intensity to facilitate plotting Fy
layer distribution. These three zones are called the
East, West, and Intermediate zones (abbreviated E, W,
and I) as shown on the world map, figure 11-3. Monthly
predictions of Fgy layer distribution are then made by
the Bureau of Standards for eachof the three zones.
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5. NATURAL PHENOMENA WHICH AFFECT
IONIC LAYERS

a. SUNSPOTS

The sun is the major, if not the only, source of
energy which produces ionization of the earth's atmos-
phere. Therefore, any solar disturbance produces
variations in the ionic layers. Sunspots are evidence
of such solar disturbance which affects the ionic layers.
These sunspots appear as dark patches surrounded by
a hazy grey edge and are presumably vortexes of
enormous gas clouds. These gaseous clouds produce
vast amounts of ultraviolet energy which affects the
ionization of the earth's atmosphere. Therefore, the
greater the number of sunspots, the greater the ultra-
violet radiations and the greater the ionization. For
this reason, the number of sunspots is indicative of
ion density which, in turn, is a measure of the proba-
bility of sky wave communication. Sunspot activity is
measured by the Wolf sunspot number method which
takes into account not only the number of actual sun-
spots but also the number of sunspot groups. Obser-
vations of solar activity over the past 100 years have
confirmed that sunspot activity is cyclic, the cycle
repeating every 11.1 years. There are variations
within this cycle and variations from cycle to cycle
which make it necessary to know the predicted sunspot
number for a given time in order to determine the
probability of sky wave communication.

b. SUDDEN IONOSPHERIC DISTURBANCES

Occasionally daytime communication by high-
frequency sky wave propagation is rendered impossible
by abnormally great absorption. The onset of this
condition is usually very sudden with recovery being
more gradual, and the condition may last from a few
minutes to several hours. This condition is known by
several names, the most common being sudden
ionospheric disturbance, abbreviated SID. This con-
dition is also known as solar flare disturbance and
Dellinger fade. An SID is apparently the result of a
chromospheric eruption on the sun as evidenced by
ionospheric absorption immediately following an
eruption, by the absorption taking place in the lower
ionic layers where the ion density is directly related
to the sun, and by its occurrence only in the daytime.
The result of an SID is a sudden increase in the ion
density of the highly absorptive D region, as well as
an increase in the ion density of the moderately
absorptive E layer.

¢. MAGNETIC STORMS

Magnetic storms are not to be confused with sudden
ionospheric disturbances, although they both have the
same effect in that they reduce the probability of com-
munication by sky wave propagation. The magnetic
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storm is associated with solar activity, being more
likely to occur during maximum sunspot conditions,
and reoccurring in 27-day cycles, the rotation period
of the sun. Magnetic storms are apparently caused
by particle radiation from the sun, with the radiated
particles being deflected by the earth's magnetic field.
For this reason, the effects of a magnetic storm are
most severe in the two geomagnetic pole regions.

The origin of a magnetic storm may be the same solar
eruption which produces an SID, but since particle
radiation is much slower than ultraviolet radiation,
the effect of the magnetic storm is not noticed until 18
to 36 hours after an SID. A magnetic storm has two
phases with the first phase expanding the F2 layer
which reduces ion density. During this phase, the Fo
layer critical frequency becomes lower than normal
due to the reduced ion density. The second phase is
marked by a greater concentration of electrons in the
highly absorptive D and E regions, especially in the
geomagnetic polar regions. The increased absorption
which results may prevent communication by sky wave
propagation. A magnetic storm may last for several
days, with its appearance being very sudden and
recovery to normal very slow.

d. SPORADIC E LAYER

A sporadic E layer, abbreviated E g» can not be
accounted for by the processes which explain the nor-
mal E layer which exists at approximately the same
height above the earth. Some investigators of this
phenomenum believe it to be caused by particle
radiation, possibly as a result of meteors entering the
earth's atmosphere. The E g layer can exist during
both the day and the night, but its presence during the
day is difficult to detect due to the presence of the
normal E layer. The distribution of this layer cannot
be predicted, but it is known to vary in thickness and
ion density and is frequently patchy. It is also known
that the likelihood of the existence of a sporadic E
layer increases with distance from the equator. Its
occurrence is frequent enough in the middle latitudes
to render Eg sky wave propagation from 25 to 50 per
cent of the time at frequencies up to 15 mec.

6. SKY WAVE TRANSMISSION
a. SKY WAVE REFLECTION

When sky wave propagation is used for communi-
cation, the electromagnetic wave from the antenna is
transmitted toward an ionic layer at an oblique angle.
The incident wave then is apparently reflected, at the
same oblique angle, from the ionic layer back toward
the receiving antenna. Figure 11-4 shows sky wave
propagation paths which can be used. Actually the
wave is not reflected, although this terma is commonly
used for convenience; the wave is bent back toward
the earth by refraction, just as a prism refracts light.
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Figure 11-4. Distance Limitations for Single
Reflection Transmission (A) and Modes
of Transmission (B)

This bending process is a function of the refractive
index of the ionic layer and behaves in accordance with
Snell's law, which was originally discovered in con-
nection with optical geometry. Roughly stated in
terms of ionospheric refraction of a radio wave, this
law is as follows: For a wave incident upon a densely
ionized layer to be bent back toward the earth, the
wave must pass from a medium with a high refractive
index to a medium of low refractive index. Stated

in mathematical terms, Snell's law is as follows:

cos A = |l cos © (1)

where A and © are the angles as shown in figure
11-5

the refractive index

wave velocity in free space
phase velocity in the ionized medium

u:

The wave velocity in free space is the speed of light,
and this velocity generally is assumed for a normal
atmosphere. The phase velocity in the ionized medium
is greater than the speed of light and increases with
increased ion density. That the phase velocity in an
ionized medium is greater than the speed of light does
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Figure 11-5. Refraction of a Radio Wave

not contradict the theory of relativity since phase
velocity is defined as frequency times wave length.
That the phase velocity can be greater than the speed
of light then indicates an increase in wave length of a
constant frequency being propagated in an ionized
medium, not an increase in the velocity of propagation.

Carrying the laws of optics further, the relation-
ship for total reflection between two media having
different refractive indexes is given by the following
equation:

[T

cos A = —=
Hair

Where the refractive index of the atmosphere is taken

as unity, the equation for ionospheric reflection is:

cos & = jop (2)

If the wave is transmitted vertically, A equals 90° and
cos A equals 0. For the wave to be reflected under
this condition, the refractive index of the ionosphere
must then equal 0.

It can be shown that the refractive index of the
ionosphere is a function of the ion density and of the
frequency of the transmitted wave. This relationship
is given by the following equation:

u =\/ 1 - 80.5N/f2

where N is the number of electrons per cubic
meter

By substituting 0 for the refractive index, the condition
where a vertically transmitted wave will be reflected,
the critical frequency, f,, is given by the following
equation:

fo =/80.5N

A vertically transmitted frequency greater than this
value will penetrate an ionosphere of density N while a
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frequency less than this value will be reflected. We
can then rewrite the equation for the refractive index
in terms of the critical frequency as follows:

pey1-ff ®

f2

By substituting in equation (2), the following equation
is obtained:

cos A =\/I 1 - fo2/12
or by trigonometric transformation
f=1fycsc A “)
The significance of the study of vertical incidence to

the problems of radio propagation is apparent from the
above equation. If the critical frequency, f,, for the

ionosphere over a certain point is known, the frequency,

f, which will just be reflected by the ionosphere over
that point can be calculated. This is the maximum
usable frequency MUF for the vertical radiation angle
A . Frequencies above the MUF will penetrate the
ionosphere; frequencies below the MUF will be
reflected.

Equation (4) is derived on the assumption that both
the earth and the ionosphere are parallel planes; this
is not the case. However, the equation for a curved
earth and curved ionosphere is of the same nature,
although a little more complex. This relationship is
as follows:

f=1f,kseco (5)
where ¢ is the angle shown in figure 11-6

k sec ¢ is referred to as the corrected
secant with the value of k being determined
experimentally.

From the above relationship and a vast amount of
practical experience, the MUF can be determined for
any distance, geographic location, sunspot number,
time of day, etc. These predictions are published by
the Bureau of Standards three months in advance.

b. SKY WAVE ABSORPTION

As stated in paragraph 3 of this chapter, a radio
wave entering an ionic layer interchanges energy with
the free electrons and ions. If the ions do not collide
with gas molecules or other ions, all of the energy
transferred to the ionosphere is reconverted back into
electromagnetic energy, and the wave continues to be-
propagated with undiminished intensity. On the other
hand, where ions and electrons engage in collisions,
they dissipate the energy which they have acquired

Radio Wave Propagation

Figure 11-6. Ray Path for a Curved Earth and
a Curved Ionosphere

from the wave which results in attenuation of the wave.
This attenuation, or absorption, is proportional to the
product of the number of ions N and the collision fre-
quency fo. Therefore, the attenuation is ordinarily
greatest in the region where the product of ion density
and the collision frequency is greatest. This absorption
is great when the deviation due to refraction is small.
Conversely the absorption is small when the deviation
is large. For this reason, absorption due to ionic
collision is called nondeviative absorption when the
absorption is appreciable and deviative absorption when
absorption is small.

Nondeviative absorption is very important in most
radio propagation problems. It is primarily of
importance in daylight transmissions because it is
present predominantly in the D and E ionic regions
where the ion density is great, and the collision fre-
quency is high. Since nondeviative absorption is
related to ion density in the D and E layers, the
absorption is related to the number of sunspots and
the season of the year. The absorption also is related
to the radio wave path, the time of transmission, and
the refractive index. The relationship of the trans-
mission path, refractive index, and time of trans-
mission is called the diurnal absorption factor K.
Although a mathematical equation exists for computing
K, the variables involved are so difficult to measure
that using the equation for determining K is impractical,
except in special cases. The diurnal absorption factor
usually is obtained from absorption index charts, with
a different chart being used for different months of the
year. The empirical equation K = 0. 142 + 0. 858
cosy , where ¥ is the sun's zenith angle, is fairly
accurate for times near sunrise and sunset. A
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residual seasonal variation factor M, beyond that
involved in the diurnal absorption factor, has been
determined for each month of the year. The effect of
the number of sunspots on absorbtion is called the
solar activity factor S. This value is obtained from a
graph relating the predicted sunspot number, SSN,
with solar activity factor. From these three factors,
K, M, and S, the corrected nondeviative absorbtion is
determined by the following equation:

Corrected K=K xMx S

Auroral absorption K, must also be considered
when the transmission path travels through an auroral
zone. The auroral zones are the zones of highest
magnetic activity which are centered about 20° from the
earth's magnetic poles. The auroral absorption index
has been determined and plotted for these regions.
Where an auroral absorption factor exists, it should
be added to the corrected diurnal absorption factor to
obtain the total absorption.

A third type of absorption, due to the earth's mag-
netic field, also contributes toward absorption of radio
waves, but this absorption usually can be neglected.
When an electromagnetic wave is propagated in the
ionosphere, the wave is resolved into circularly
polarized components which impart motion to the
electrons and ions. When the propagated wave is in
the direction of the earth's magnetic field, the magnetic
field causes these electrons to rotate at a gyromagnetic
frequency in a plane perpendicular to the direction of
the wave. When the wave and field produce rotations
in the same direction, the electrons rotate in larger
orbits. This, in turn, produces more electron col-
lisions with a consequential loss of energy and an
increase in absorption. Similarly, if the wave and
field produce rotations in opposite directions, the
electrons rotate in smaller orbits which reduces
absorption.

c¢. SKY WAVE FIELD INTENSITY

(1) GENERAL

To have effective radio communication, the
received signal strength must be sufficient to over-
come the effects of various noises. To determine the
median sky wave field intensity at the receiving
station, it is necessary to know (1) the gain of the
transmitting antenna and of the receiving antenna (2)
the power output of the transmitter, (3) the trans-
mission path, (4) the total absorption, and (5) the
operating frequency.

(2) OPERATING FREQUENCY

The operating frequency is determined first.
This is done best by using "Basic Radio Propagation
Predictions' which are published monthly, three
months in advance of their effective date by the Central
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Radio Propagation Laboratory of the Bureau of Stan-
dards. Examples of these prediction charts are
included in this chapter, and their use is discussed in
the example problem which follows. From these
prediction charts, the maximum usable frequency
(MUF) and the frequency of optimum traffic (FOT)
can be determined for any propagation path for any
hour of the day. Transmission at the FOT is de-
sirable because it reduces the possibility of pro-
pagating by more than one mode (i.e., 1-hop E,
1-hop Fg, 2-hop F9), and atmospheric noise is
usually less.

(3) ANTENNA GAIN

After determining the operating frequency, the
next step is to determine the gain of the transmitting
antenna. This gain depends on (1) the elevation angle
of the radiated energy, (2) the length of the antenna,
for a simple monopole, in terms of wave length, and
(3) the type of ground in the vicinity of the antenna.
The gain of the antenna is referred to a standard
antenna, which may be an isotropic antenna, half-wave
dipole in free space, or a short vertical element over
perfectly conducting ground. The short vertical
element is chosen as the reference in the problem
which follows, and antenna gains are in terms of
decibels above or below the gain of this short vertical
element. The reference antenna provides a received
field intensity of 186.3 mv/m at 1 mile with a 1 kw
input, measured along the ground plane. The gain of
the transmitting antenna is the square of the ratio of
the field intensity of the actual antenna at 1 mile with
1 kw input divided by 186.3 mv/m. This gain, ex-
pressed in equation form, is as follows:

Field intensity in mv/m at 1 mile pro- |2
duced in the required direction by the
actual antenna with 1 kw of input power

186.3 mv/m

Several graphs are included in this chapter which
show the gain of whip antennas versus frequency for
various radiation angles.

Gain =

The receiving antenna characteristics are de-
fined in terms of effective area and effective height.
That is, a receiving antenna in an electromagnetic field
of a given power density will yield input power to the
receiver equal to the product of the power density and
the area of the antenna. In equation form, the expres-
sion for this relationship is as follows:

P=PgxA (6)

where P is power in watts,
P4 is power density in w/m®, and
A is effective area, and is equivalent to
GAZ
rya

antenna at the particular radiation angle.

2

with G being the gain of the receiving
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Similarly, for vertical antennas the input voltage is
given by the following relationship:

V=Exh (7)
where V is voltage in uv,

E is field intensity in uv/m, and

h is the effective height in meters

An expression similar to equation (6) may be written
in terms of input voltage, and is as follows:

E2 gr Zin A2

2 _ =
Vi =3 X T 4q (8)

where E is field intensity in uv/m,
377 ohms is the impedance of free space,

gy is the gain of the receiving antenna at a
particular radiation angle in dimensionless
units,

Ziy is the input impedance in ohms of the
receiver, and

X\ is the wave length in meters.

Equation (8) can be rewritten in logarithmic form as
follows:

V(dp) = 20 log E + 10 log Z;p, + 20 log A
+ G, - 38.8

where Vis db > 1 uv
Gy is gain in db of receiving antenna

Several graphs are included in this chapter showing
antenna gain versus frequency of some typical vertical
antennas.

(4) FADING

Due to variations in the ionosphere, the sky
wave field intensity varies from minute to minute,
day to day, month to month, and year to year which
causes signal fading. To increase the reliability of
communication, it is necessary to increase the median
level of the system output to lessen the probability that
the received field intensity will go below the level
required for reception. The atmospheric noise level
also is subject to variations so that a further increase
in output is required to increase the probability that
the received signal level is sufficient to overcome the
noise. Curves of slow and rapid variations of sky
wave field intensity and variations of atmospheric
noise are included in this chapter. Reference to these
curves indicates that for a 95 per cent reliable system
it is necessary to increase the median level of the
system output by 7.8 db to overcome slow variations
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of sky wave field intensity, 11.3 db to overcome rapid
variations of sky wave field intensity, and 13 db to
overcome slow variations of atmospheric noise.
Therefore, for communication 95 per cent of the time,
it is necessary to increase the system output by a
total of (7.8 + 11.3 + 13) db, a total of 32.1 db, above
the level which will provide communication 50 per cent
of the time.

Polarization fading and selective fading should
also be considered in evaluating the probability of
communication. Polarization fading is due primarily
to a plane wave front being split into randomly
polarized waves by the earth's magnetic field. With
a linear receiving antenna, the received field intensity
is attenuated by 3 db due to polarization fading.
Selective fading is due primarily to two signal sources
arriving from the same transmitting antenna via dif-
ferent paths. This is the result of ionospheric
irregularities, propagation by more than one mode, or
interference between the sky wave and the ground wave.
The magnitude of the two received signals may be
fairly close together but out of phase, so that one sig-
nal cancels the other. The received field intensity
then fluctuates as the phase relationship varies
between the different, incident component waves.

The effects of selective fading can be reduced by
diversity reception, where two or more antennas are
used and so spaced that one antenna is not correlated
to the received field intensity of another antenna. A
diversity gain results from such a receiving system,
but such a system is impractical on shipboard. See
figure 11-14 for diversity gains.

(5) ABSORPTION

The total absorption factor, discussed in para-
graph 6b of this chapter, must be determined in order
to obtain the median incident sky wave field intensity.
Graphs of median incident field intensity of the short-
element, reference antenna versus frequency for
various absorption factors, various modes of
propagation, and various distances are included in
this chapter. Where the absorption factor is zero,
these curves indicate that there is no variation of
median incident field intensity with frequency, so that
the K = 0 curve is a straight horizontal line. The
median incident field intensity then is an inverse
function of the geometric length of the sky wave path
plus a 3 db depolarization loss. For the reference
antenna (which produces a field intensity of 300 mv/m
at 1 km) and a 200 km communication link, the losses
when K = 0 are represented by the loss in field
strength due to traveling the additional 199 km plus 3
db. The geometric length of the sky wave path for a
200 km communication link with 1-hop E propagation
is approximately 295 km. The sky wave path length is
a function of the height of the ionic layexr and is deter-
mined as shown in figure 11-7 for short transmission
paths. For a two-hop path, 4 db attenuation must be
added due to the ground reflection. The median
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VIRTUAL
HEIGHT
105 KM

Figure 11-7.
Sky Wave Propagation Path;
Length Equals 190 Km

Geometric Length of 1-Hop E Layer

incident sky wave field intensity curves included in
this chapter are based on an E layer virtual height of
105 km and an Fg layer virtual height of 320 km.

(6) NOISE

A satisfactory communication system exists
only when the received signal level is sufficient to
override the noise level at the output of the receiving
system. This implies that there is a minimum
required field intensity for satisfactory communication.
This minimum required field intensity is dependent
upon the receiving antenna, the receiver bandwidth,
the quality of the service required, the type of modu-
lation, the noise produced within the receiver, and
the level of noise at the receiving location. The noise
which must be overcome by the field intensity is of
two types, random noise and impulse noise, and is
from two sources, the atmosphere and the receiver.
Random noise may be generated from distant thunder-
storms, resistive components and tubes in the receiver,
and from the cosmic noise of interstellar space.

(Little is known of cosmic noise, but it is seldom a
limiting factor for communication below 30 mec.)
Although random noise is irregular, its average level
can be measured, and it exhibits a characteristic
average power distribution which is constant over the
frequency spectrum. Impulse noise may be generated
by ignition systems and local thunderstorms, and it is
characterized by discrete, well-separated noise pulses
having certain phase relationships.

Atmospheric noise is attributed to world-wide
effects of thunderstorm activity. Atmospheric noise
is highest in the equatorial regions, where thunder-
storms are most frequent, and varies seasonally at
the higher latitudes, being highest in the summer
months. Atmospheric noise is also higher overland
than oversea, because thunderstorms are more fre-
quent overland. Thunderstorm activity also shows
diurnal variations, being more frequent between 1200
and 1700 local time, which produces diurnal atmos-
pheric noise conditions. Storms which are at a dis-
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tance from the receiving station produce random noise
while local storms produce impulse noise. Prediction
of the impulse noise from local storms is not feasible,
but prediction of the random noise from distant storms
is feasible. This chapter includes world noise dis-
tribution charts from which can be obtained the noise
grade for any receiving site. Minimum required
incident field intensity curves for overcoming atmos-
pheric noise are also provided. By using the curve
for the proper noise grade, proper season, and proper
local time, the field intensity required to overcome
atmo spheric noise can be determined.

Receiver system noise consists of antenna noise,
thermal noise in the antenna circuit, tube noise, and
thermal noise in the input circuit. If a receiver were
perfect, the only noise in the receiver output would be
as a result of the thermal noise in the antenna circuit
and a maximum signal-to-noise ratio would result, as
explained in paragraph 2a, chapter 3. A measure of
the receiver system noise is a ratio of actual output
noise power to the noise power that would result from
the antenna thermal noise only. This ratio is called
the noise figure of the receiver and may be expressed
in terms of signal-to-noise ratios as follows:

S/N of ideal receiver

" S/N of actual receiver

where S/N is the ratio of signal power to noise
power or signal voltage squared to noise
voltage squared

Since the signal power is the same in both the
numerator and denominator, the above equation can be
reduced to the following equation:

actual noise power
NF =

ideal noise power

or
actual noise power = NF x ideal noise power
or

actual noise voltage squared = NF x ideal noise
voltage squared

By substituting a value given in physical parameters
for the ideal noise voltage, the equation for actual
noise can be expressed as follows:

vrz1 = NF x KTB

where Vrz, is the actual noise voltage squared
NF is the noise figure
K is Boltzmann's constant, 1.38 x 10723
T is the absolute temperature
B is the bandwidth in cycles per second
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Where the receiver input circuit matches the antenna
resistance, a theoretical noise figure of 2 is possible.
Expressed in decibels, this is equivalent to 3 db. In
practice, noise figures of up to 7 db are acceptable.
This chapter includes curves showing minimum
required field intensities in the presence of set noise.
By using the curve for the proper antenna and proper
vertical angle of wave arrival, the field intensity
required to overcome set noise can be determined.

Set noise and atmospheric noise are not additive
since they are both random noise. Therefore, if the
field intensity required to overcome set noise is
greater than the field intensity required to overcome
atmospheric noise, the field intensity required to
overcome set noise will also overcome atmospheric
noise. Conversely, if the field intensity required to
overcome atmospheric noise is greater than the field
intensity required to overcome set noise, the field
intensity required to overcome atmospheric noise will
also overcome set noise. That is, the greater of the
two field intensities will overcome both atmospheric
and set noise.

(7) SERVICE GAIN

A service gain factor is required to compensate
for the generalizations made to obtain the atmospheric
noise curves and the set noise curves. These curves
are determined on the basis of a double sideband,
speech-grade radiotelephony service, 6-kc bandwidth,
100 per cent modulation, during 90 per cent of the
days. The curves are also based on a required S/N
ratio of 13.8 db to obtain 90 per cent intelligibility.
For types of service other than this standard, the field
intensity required to overcome noise will be different.
Service gain tables for both sky wave and ground wave
propagation are included in this chapter. In the table
of service gains for sky wave propagation, the standard
double sideband radiotelephony signal indicates a
service gain of 8 db. This is a result of compensating
for fading signals and means that the received field
intensity must be increased 8 db to compensate for
rapid signal variations as shown in the rapid variatiou
of sky wave field intensity curve, also included in this
chapter.

d. LOWEST USEFUL HIGH FREQUENCY

The lowest useful high frequency, LUHF, (some-
times LUF for lowest useful frequency) is the lower
limiting frequency which will provide satisfactory
communication for a given link. The LUHF is the
frequency at which the received field intensity just
equals the required field intensity for reception. The
received field intensity depends on the antennas, path
length, and absorption, and it generally increases
with frequency. The required field intensity for re-
ception depends on noise limitations, and it decreases
with frequency. Therefore, by comparing the received

Radio Wave Propagation

median field intensity at various frequencies with the
required field intensity for the same frequencies, the
LUHF can be determined. To determine the LUHF,

it must be kept in mind that the required field intensity
must be adjusted for service gain.

e. MAXIMUM USABLE FREQUENCY

The maximum usable frequency, MUF, is the
upper limiting frequency at which a communication
circuit may be operated. The MUF, as determined
from available ionospheric predictions, is actually a
monthly median of the highest usable daily frequencies
for a particular sky wave path at a particular hour of
the day. The geographic location of reflection points,
the time of day, season, and sunspot number all affect
the MUF. The MUF for path lengths less than 4000
km is determined by the ionospheric conditions at the
midpoint of the path. It is taken as the highest of the
three maximum frequencies which will be reflected
from the E layer, sporadic E layer, or F, layer. The
charts of median zero MUF and median 4000 MUF
predicted for the proper month, included in this chapter,
are used to determine the MUF for a given communi-
cation link.

The MUF represents the median maximum usable
frequency. That is, 50 per cent of the days the actual
maximum usable frequency will be less than the
median MUF, and 50 per cent of the days the actual
maximum usable frequency will be greater than the
median MUF. For this reason, it is desirable to
operate at a frequency which is slightly less than the
median MUF to increase communication reliability to
90 per cent. Where F, propagation is used, this
frequency of optimum traffic, FOT, (sometimes OWF
for optimum working frequency) is taken as 85 per
cent of the MUF. Where E and F; propagation is used,
the FOT is taken as the MUF for E propagation,
because the MUF variation from day to day is so small.

f. LOWEST EFFECTIVE POWER

The effective radiated power in kilowatts is the
product of the antenna input power in kilowatts and the
antenna gain, with respect to a short dipole reference
antenna. The lowest effective power, LEP, is the
minimum transmitted antenna power required to give
satisfactory communication at a particular frequency.
The difference between the received field intensity,
determined in decibels with respect to the reference
antenna radiation (300 mv/m at 1 km), and the field
intensity required for reception, determines the LEP.

7. GROUND WAVE PROPAGATION

Ground wave propagation is propagation of r-f
energy along the curved surface of the earth, without
using the earth's ionosphere. Where a ground wave
is transmitted beyond the line of sight, the conduc-
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tivity of the earth's surface acts as a wave guide and
bends the wave around the curved surface. Since
fading is due primarily to ionospheric fluctuations,
there is no fading associated with ground wave pro-
pagation. However, the extremely high losses
associated with ground wave propagation make it
impractical for most long distance transmissions.
The received field intensity of a ground wave depends
upon the type of terrain over the transmission path,
the transmitting and receiving antennas, the power
output, frequency, and antenna heights.

Only vertical polarization, such as is obtained from
vertical and whip antennas, is practical for ground
wave propagation. Horizontal polarization results in
extremely high losses due to a short circuiting effect
of the earth. Even with vertical polarization, the
received field intensity of a ground wave is far below
that of the direct, free-space field. The antenna
height also affects ground wave propagation. However,
where the antenna is considered to be at ground level,
which is usually the case aboard ship, the antenna-
height gain factor is neglected.

The terrain over the transmission path is an
important consideration because it is the earth's
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surface which bends the ground wave, and it is the
earth's surface which absorbs the r-f energy. For
purposes of determining the received field intensity,
the terrain is divided into three categories: (1) poor
soil, (2) good soil, and (3) sea water. Because of
the high conductivity over sea water, ground wave
propagation over sea water for fairly long distances
is very practical for frequencies below 30 mec. It is
generally desirable to operate at the lower end of the
high-frequency band because less attenuation is
suffered. Graphs are included in this chapter which
show ground wave field intensity versus distance for
various frequencies and various types of terrain.

For line of sight transmissions, the received field
intensity is composed of a direct wave and a ground-
reflected wave. If the two received waves are
in the vicinity of 180° out of phase, the received
signal level will be very low. Conversely, if the two
received waves are in phase, the received signal will
be almost twice as strong as the signal resulting from
the direct wave. Therefore, for line of sight trans-

missions, the received signal level varies from near
zero to twice the signal resulting from the direct

wave, depending upon the transmission path length.
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8. CHARTS AND GRAPHS

Radio Wave Propagation

The following charts and graphs are included because they are typical of the information necessary to solve

a propagation problem. However, the ones included do not make a complete set.

Some of the charts and graphs

are used in the example problem which follows. The charts and graphs which are included are as follows:

Figure 11-8. World Map Showing Zones Covered by Predicted Charts, and Auroral Zones

Figure 11-9. Great Circle Chart Centered on Equator; Solid Lines Represent Great Circles;
Numbered Dot-Dash Lines Indicate Distances in Thousands of Kilometers

Figure 11-10. Median Fg-Zero-MUF, in Mc, W Zone, Predicted for April 1957

Figure 11-11. Median F2—4000—MUF, in Mc, W Zone, Predicted for April 1957

Figure 11-12. Median E-2000-MUF, in Mc, Predicted for April 1957

Figure 11-13.
Figure 11-14.
Figure 11-15.
Figure 11-16.
Figure 11-17.

Figure 11-18.

Median fEs, in Mc, Predicted for April 1957

Gains of Spaced Diversity Receiving Antennas for Rapidly Fading Signals
Rapid Variation of Sky Wave Field Intensity

Slow Variation of Sky Wave Intensity

Slow Variation of Atmospheric Noise

Radiation Angle Versus Great Circle Distance Curves

Figure 11-19. Nomogram for Transforming E-2000 MUF to Equivalent MUF's and Optimum
Working Frequencies Due to Combined Effect of E Layer and F; Layer at Other
Transmission Distances

Figure 11-20. E Layer MUF and Penetration Nomogram

Figure 11-21. Nomogram from Transforming F2 ZERO MUF and Fy 4001 MUF to Equivalent
MUF's at Intermediate Transmission Distances; Conversion Scale for Obtaining
Optimum Working Frequencies

Figure 11-22. Absorption Index Chart (Excluding Auroral Absorption) for April

Figure 11-23. Auroral Absorption Chart

Figure 11-24. Kd Nomogram, Transmission Path Entirely in the Day Region

Figure 11-25. Kor K4 Correction Factors

Figure 11-26. Table of Service Gains, Sky Wave Communications, Fading Signal

Figure 11-27. Median Incident Sky Wave Intensity, 0 to 200 km, 1-hop-F,

Figure 11-28. Median Incident Sky Wave Field Intensity, 0 to 200 km, 2-hop-F,

Figure 11-29. Median Incident Sky Wave Intensity, 0 to 200 km, 1-hop-E

Figure 11-30. Median Incident Sky Wave Field Intensity, 400 km, l—hop—F2

Figure 11-31. Median Incident Sky Wave Field Intensity, 400 km, 2-hop-F,
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Figure 11-32.

Figure 11-33.

Figure 11-34.
Figure 11-35.
Figure 11-36.
Figure 11-37.
Figure 11-38.
Figure 11-39.

Figure 11-40.

Figure 11-41.

Figure 11-42.

Figure 11-43.
Figure 11-44.
Figure 11-45.
Figure 11-48,

Figure 11-47.

Figure 11-48:

Figure 11-49.

Figure 11-50.

Figure 11-51.

Figure 11-52.

Figure 11-53.

Figure 11-54.

Figure 11-55.
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Median Incident Sky Wave Fieid Intensity, 400 km, 1-hop-E

Median Incident Sky Wave Field Intensity, 800 km, l—hop—F2

Mediaﬁ Incident Sky Wave Field Intensity, 800 km, 2—hop—F2

Median Incident Sky Wave Field Intensity, 800 km, 1-hop-E

Noise Distribution Chart for March, April, and May

Minimum Required Incident Field Intensities, Noise Grade 2.5, Summer
Minimum Required Incident Field Intensities, Noise Grade 2.5, Winter
Minimum Required Incident Field Intensities, Noise Grade 2.5, Equinox

Minimum Required Incident Field Intensities and Discrimination Gain, 15-foot
Whip Antenna

Minimum Required Incident Field Intensities and Discrimination Gain, 1/4-Wave
Grounded Vertical Antenna

Minimum Required Incident Field Intensities and Discrimination Gain, 1/2-Wave
Grounded Vertical Antenna, Transmission Line Fed from Base of Antenna

Gain Curves, 15-foot Whip Antenna Erected Above Poor Ground

Gain Curves, 1/4-Wave Vertical Antenna Erected Above Poor Ground
Gain Curves, 1/2-Wave Vertical Antenna Erected Above Poor Ground
World Map Showing Various Types of Terrain

Ground-Wave Field Intensity Versus Distance Curves for Various Frequencies
in me, for Vertical Polarization, 1-2,000 miles--Poor Ground

Ground-Wave Field Intensity Versus Distance Curves for Various Frequencies
in me, for Vertical Polarization, 1-2,000 miles--Good Ground

Ground-Wave Field Intensity Versus Distance Curves for Various Frequencies
in me, for Vertical Polarization, 1-2,000 miles--Sea Water

Minimum Required Field Intensity in the Presence of Set Noise, and Discrimination
Gains in the Presence of Atmospheric Noise, for Various Antennas

Service Gains, Ground-Wave Communication, Nonfading Signal

Inverse Distance Field Intensity Expressed as an Antenna Gain in Respect to 186.3
Millivolts per Meter at 1 mile, Grounded Vertical Antenna

Inverse Distance Field Intensity Expressed as an Antenna Gain in Respect to 186.3
Millivolts per Meter at 1 Mile, 15-foot Vertical Whip Antenna

Inverse Distance Field Intensity Expressed as an Antenna Gain in Respect to 186.3
Millivolts per Meter at 1 Mile, Half-Wave Vertical Antenna Erected Above Perfect
Earth at a Height of H/A

Line of Sight Distance for Elevated Antennas (For Smooth Spherical Earth With an
Effective Radius of 4/3 the Actual Values), Antenna Heights from 0 to 5,000
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Figure 11-9. Great Circle Chart Centered on Equator; Solid Lines Represent Great Circles;
Numbered Dot-Dash Lines Indicate Distances in Thousands of Kilometers
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NORMAL DAY-TO-DAY DISTRIBUTION OF HOURLY MEDIAN FIELD INTENSITIES
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NORMAL DAY-TO-DAY DISTRIBUTION OF HOURLY MEDIAN NOISE FIELDS
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SOLAR ACTIVITY FACTOR
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L L. | PR U S | | T NN |- 1
L N D D I U D L L L L L
0 20 40 60 80 100 120 140 160 180

SUNSPOT NUMBER

The solar activity factor is obtained from the predicted twelve month
running average sun spot number. Predictions of this sun spot number are
made three months in advance. The solar activity factor must be multi-
plied by the seasonal ~orrection factor shown below to obtain the K or Kd
correction factor.

SEASONAL CORRECTION FACTORS

BOTH TERMINALS ONE TERMINAL

MONTH ‘N. LAT AND

N. LAT S. LAT OTHER S. LAT
Jan 0.9 0.7 0.8
Feb 0.9 0.7 0.8
Mar 0.8 0.8 0.8
Apr 0.8 0.8 0.8
May 0.7 0.9 0.8
Jun 0.7 0.9 0.8
Jul 0.7 0.9 0.8
Aug 0.7 0.9 0.8
Sep 0.8 0.8 0.8
Oct 0.8 0.8 0.8
Nov ' 0.9 0.7 0.8
Dec 0.9 0.7 0.8

Figure 11-25. K or Ky Correction Factors
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Figure 11-26. Table of Service Gains, Sky Wave Communications, Fading Signal

11-33



Radio Wave Propagation CHAPTER 11

gl o

L SN
A
H
a
f

N
T

Tt
Jmmm;
=
>N
/

20

2

INTENSITY = DB>Iuv/m

($,]

INCIDENT FIELD

TITT

8 N
i
T
T
T

T

MEDIAN
&

MEDIAN INCIDENT SKY- [
WAVE FIELD INTENSITY [

FOR AN INVERSE FIELD OF
sam 300 mMv/m AT ONE KILOMETER

0-200 KM | HOP F2

[
N
n

= aum

-40

-45

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
FREQUENGY- Mc/s

Figure 11-27. Median Incident Sky Wave Intensity, 0 to 200 km, 1—hop—F2

11-34



CHAPTER 11 Radio Wave Propagation

®aeR
v
50 K=0 Fo=48.5 DB T
H D Pt
- °'
45 *4 4 = waana! L4 —..... i
: "l‘- 11
e A o B
40 SR AR O s auns
[o. At
7 Q
285 ‘}.i '1\,4. E!h+—
& “Om HE SN
B A,
: ke ,
pAY 30 A
=)
1
> . H H
: saRm
wn sEREr NN
2 aaasyaau
Z 20 e
- e
z
15
o
- EE was
m a8 ¥
uw  |OfHH
- gasrsESaa IS8
s SaEanEs
w 5
Q
o
bt H
= 0 }
- }
a anae I
o . T
w 5 T
= o
-toftEs
seanisse MEDI AN INCIDENT SKY-
: WAVE FIELD INTENSITY
15§ :
FHHEH FOR AN INVERSE FIELD OF [Eid
I 300 MV/m AT ONE KILOMETER
-20 t
asiiasd 0-200 KM 2 HOP F2
-2= H
-30HHH
-35HH a :
H [
-40fH 2
..é :
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

FREQUENCY -Mc/s

Figure 11-28. Median Incident Sky Wave Field Intensity, 0 to 200 km, 2—hop-F2

11-35



CHAPTER 11

Me/s

FREQUENCY -

Figure 11-29. Median Incident Sky Wave Intensity, 0 to 200 km, 1-hop-E

o
3 1
1
N
H
e
"> e w
tF s
b ] S -
2 gf 9
- w3
W_W - x
Q- W oW o~
co & 3 ™
z
-— > - =
T mm 4
< 2~ O o
3 - w <g ©
8z 5o %
3 3 e M o
4]
L
O
=
t
N
i
8 ¢
)
o NSy
HHHH o N
HH o, ¥
HHH o g R o
HHH W« 35 \ Se. Wt : HH
HHH © t e O, 1
seas g $ ¥
o 1 N O 1 I
0w s e.v.;f I Seiggt 1
HHd = H ; asaus.
H $o. Sl oS HA
EE o P S0 il sk LT
b « 3 W Alssss H R - e BRjanant®
T x # /. el Baas aagnpunal anes Sooeh eng] i H
L PPN 0. s et ias e
_,.:ﬂ.br.* i Rae Bagy g iawp grapeanpy Mipans: T jaRaH apans oo . . .
susysasss senawasas! T , o _W.;#J‘ TS L T 9= !
@) D o O o 79 [e) ') [e) [} o [ 2] [ « [e] u [) s )
) 8 '} < < ” ™ Y o~ = ' v N ) 0
1

Radio Wave Propagation

w/Aarl|<90 - ALISN3LNI QG731d LN3IGIONI NVIG3NW

11-36



CHAPTER 11 Radio Wave Propagation

K:0 Fo:47.5 DB 5
T saisssiing g f
45k aisiisanssatsases Sipesisissiiiac FHIT
P v B H {
SO A H
i it ,0? i i
i RO e EEE
35 HHP .04 © FHH
T t *:}gk s
H NS
EHPTHEA Y
30 T, YA
€ s H A
N i HHHHAH
> H T
A ospdAA
A HHH AT
@
[=]
20
] s
> H
s & FHEHH
o |I5H
b4 e
w ]
= i
Z loh
o ooy easasne!
~ S3ies anur snes
W SHEHH
. o i 3 i
z
w O
e
o
z _H
Z -sh
z tH
3 H
& .- |pHEEEH
W l(, el E8Es
-3 = T

seum

MEDIAN INCIDENT SKY-
WAVE FIELD INTENSITY

FOR AN INVERSE FIELD OF
300 mv/m AT ONE KILOMETER

400 KM | HOP F2

-30HHE P —

'
o
(2]

HHHT

sssnvy

g o 0 12 14 16 18 20 22 24 26 28 30
FREQUENGY - Mg /s

Figure 11-30. Median Incident Sky Wave Field Intensity, 400 km, 1-hop-F,

11-37



Radio Wave Propagation

11-38

INCIDENT FIELD

MEDIAN

INTENSITY - DB>Iuv/m
&

45

CHAPTER 11

aves
nees

H

40

x
-
o
-
°
L]
] o
o
]
o
@

T
HH
as

H

Inus TIrT

TIIIT

*
.e":

N
(3]

(]

n
()

ol
/

=
4

sas
0]

'/‘ RS

Saact
4.

NHHH

At
<
1
1

T

=

-10

-15

Tt

H

T
T

WAVE FIELD INTENSITY

4

i MEDI AN INCIDENT SKY-

Tt
T

FOR AN INVERSE FIELD OF

300 MV/M AT ONE KILOMETER|

400 KM 2 HOP F2

TYTIT

Inaan
Innen

T

4 - 12 ] | 2 24 26
FREQUENCY -Mc/s

N
|

Figure 11-31. Median Incident Sky Wave Field Intensity, 400 km, 2-hop-Fy



CHAPTER 11 ' Radio Wave Propagation

55

T T TI T TITITTTYIIITIY T

K=0 Fo=51.9 DB

TT
Susmsgmuns

A ++H

45 « ==

40 o

w
0
*e

(]
(o]

n
[$)]

[
[e]

o

o)

0

[
[$)]

MEDIAN INCIDENT FIELD INTENSITY -DB>1uv/m

-10

MEDI AN INCIDENT SKY-
WAVE FIELD INTENSITY

FOR AN INVERSE FIELD OF
300 MV/m AT ONE KILOMETER

-20 aan

ot

400 KM I HOP E

-25

-30

[N]2aza
@®|
W)
o

2 4 6 8 10 12 14 16 18 20 22 24 26
FREQUENCY — Mc/s

Figure 11-32. Median Incident Sky Wave Field Intensity, 400 km, 1-hop-E

11-39



CHAPTER 11

30

Radio Wave Propagation

{
} ®
H o~
! ©
o~
T
@
> N
tF osE T
72 %} a3z o <
z = o ~N
- W wd I
Z YN» wox
¥ Q - [TV R TY] N
1 oo z 8 o
H Zz 4 Y .
T} z <
z W E = o
Z S~
fw <g % o~
o > & o
7 w < o © P
H =z vg o©
1 H ®
: H
T ©
i <
HH H
HE
sana T W--
{585 4SRRI )RR AR
HHAHH °
@
HHH © : H
HHH © 3 3 ®
HHH o §H s HHHH
» - I . 1 T
R ¥ T a35aae
swens ° ame e . T T juasi
B W X O ¢ S8 ©
B R, 1
o : mmuo..v H e it
HHH . BN /. 9 : 2228
HHH > HHHN O, Siasaansns e t :
o at HHHHHHH
H SEssanaiaso oI Rans
i HH it R
T : L i ! i
© © © o 0 ) ] ° ) ° 1]
3 <« - " " o ~ ' o o 0 b

w/Arl|<8G - ALISN3LNI G731d AIN3CIONI NVIG3IW

FREQUENCY -Mc/s

Figure 11-33. Median Incident Sky Wave Field Intensity, 800 km, l—hop—]i‘2

11-40



CHAPTER 11 Radio Wave Propagation

P TR
40 K:0 F.+38.0 DB
i T Fe
35 SEERe sassas: S eesiians: 8
T 5 5EREE 25 £ a0t
o :: T s deasine:
30REY « HEER & PR
O : T
1 '_l- L]
T o g
£ 25 « X% 1
N 2= : O :
1 it Jawssis :
A 20 * :;p\tp,
-] 1 T *°‘ o
o ! 3 ‘q,‘
. \
. I5E *
D: H
» 2 :
& 0fEH A
- e s s SEEssyran:
E rt 13t t
i -
o SEE Sjtis=syinsst 1
=} T 1 1 :
- 4 1 T 4
0] cE== iSEnt o sangitites S
R 2= q1h :
- ESSEELe
z g1
w sk
o
z "
= -0 ;
z 1
g £
S -5 :
= :
-20 ks
S MEDIAN INCIDENT SKY- B
25 WAVE FIELD INTENSITY
e
2 38 ss seat, : FOR AN INVERSE FIELD OF
- + 4 e 1
) coet it Eat 300 MV/m AT ONE KILOMETER
1 { 800 KM 2 HOP F2 B
1 B
-35 :
1
-40
~45k 52
i !
4 6 8 0 12 4 4 o
FREQUENCY-Mc/s

Figure 11-34. Median Incident Sky Wave Field Intensity, 800 km, 2-hop-F2

11-41



a2

=

CHAPTER 11

1

Ai‘L

wpas

TH
163

{4

s

DY

7

art

T

Fo: 46.4 DB

aus

T I I T,
IeNEREEAES SENEEENERE IRNEE NS

(k=0

SO
a0
35HH

w/Aar|<80 - ALISNILNI

Radio Wave Propagation

mw 0 o ")

G131d 1IN3GIONI

‘+j:“ e

HH

T

11

s8btnsEans Ky pe vl

Reps

26

24

| HOP E

EEhenss saniaih

§ MEDIAN INCIDENT SKY-
] WAVE FIELD INTENSITY

22

20

FOR AN INVERSE FIELD OF
300 mv/m AT ONE KILOMETER

800 KM

FREQUENGCY - Mc/s

HH

12 14 i6

10

Figure 11-35. Median Incident Sky Wave Field Intensity, 800 km, 1-hop-E

[ 4
~
®
54

-20
-30

11-42



Radio Wave Propagation

CHAPTER 11

02

oy

09

08

00!

02!

ovi

0911S3M 08! LSV309!

ovt

[24]

00l

08

ozl

ol

0911S3M08! LSVIO9!

ovl

oz!

Figure 11-36. Noise Distribution Chart for March, April, and May

11-43



Radio Wave Propagation CHAPTER 11

70 rr
MINIMUM REQUIRED INCIDENT FIELD INTENSITIES st
65 (HOURLY MEDIAN VALUES) S *J
TO ASSURE RADIOTELEPHONE COMMUNICATION
60 FOR NINETY PERCENT OF THE DAYS sichl
IN THE PRESENCE OF ATMOSPHERIC NOISE
L1 sstbel
NOISE GRADE 2.5
so MAY, JUN, JUL —30° TO 90° NORTH LATITUDE
NOV, DEC, JAN — 30° TO 90° SOUTH LATITUDE
45 T
40 : - s
: ! 1 s
I T i pesun agaad 4
£ Bk : N ki e
> X 8% IS FREeaas cagkl fazst Cpazs Ioaet LEARE B2 [Fi
QL i : { ! J5Eat: =t 18088 SARYS gl ¥
A X : : e i l;r e T
@ *° i i it 35
> TN 00| LOCAL TIME AT RECEIVING LOCATION H :
£ 25 T S = l t f
(7] 1] Tt ¥
= 1 :
u % 11T }
2 eo Rt it =
- San &k + w20 H
o ;
i ' i
g 15 H b 1 masi -
w HTHT ; uE t ,
- N T 04 £ : 3
Z 10 FfH R o TS !
a EEeH 52 K TN
o H i B i
Y- T 2 ; :
8 k i 08 ;
E [ . it T a8’ dusan FT]
S OHEETITAT
o ssii i sabjek: 1 A1
w B A A
® -5 il i 12; HE N
-10 5 :
=15 SRERYER. g —i H
i 2 H e F:EF;
-20 22 ial o N
04 4 ooy ] 12} o8 11620
-25
-30 '
0 2 a 6 8 10 12 14 16 18 20 22 24 26 28

FREQUENCY — Mc/s

Figure 11-37. Minimum Required Incident Field Intensities, Noise Grade 2.5, Summer

11-44



CHAPTER 11 Radio Wave Propagation
70 i r
: 14_1} HHE MINIMUM REQUIRED INCIDENT FIELD INTENSITIES [
65 N'_ HH = (HOURLY MEDIAN VALUES) E
igasagas TO ASSURE RADIOTELEPHONE COMMUNICATION k sEes
o R FOR NINETY PERCENT OF THE DAYS
SO IN THE PRESENCE OF ATMOSPHERIC NOISE t
TI»L H f‘-j}*i:p:: HH
55 pp-HrH-
NOISE GRADE 2.5
5O i : NOV, DEC, JAN - 30° TO 90° NORTH LATITUDE
MAY, JUN, JUL - 30° TO 90° SOUTH LATITUDE
45 sy rase e
40 _" I
€ | T ;
; 35 1 ¢ T T T :
1 N : 3588 ; ;
A CHNNEE B ‘
a?® IR i THah
I a Vil 10, [Saesany
> N NN ] s
= 25 = :
) : 1 ]
z : : 2 : : i
b : 0| LOCAL TIME AT RECEIVING LOCATION
z 20 : H e
-— N 100
9 £ 04,
w s o 2is
w T s
= B e o
a "k R e : ;
S E A : : {
= S e d s N
o S N A T or =2
w . I: 1 T
S B i et PN TS
g 0 t T : TH 1 121 t : Ji
w & :
@ : f T ues suaww < T
_5 i_lf . : -——M: S | 8
-0 N
2 g o o
-15 : :
-20 s RN
704 Joo 12 fff o8
-25
-30 ssnanae: : ; : it
0 2 a 6 8 10 12 14 16 18 20 22 24 26 28
FRFQUENCY — Mc/s
Figure 11-38. Minimum Required Incident Field Intensities, Noise Grade 2.5, Winter

11-45



Radio Wave Propagation

11-46

CHAPTER 11

70
MINIMUM REQUIRED INCIDENT FIELD INTENSITIES
es (HOURLY MEDIAN VALUES)
TO ASSURE RADIOTELEPHONE COMMUNICATION
6o FOR NINETY PERCENT OF THE DAYS
¥ IN THE PRESENCE OF ATMOSPHERIC NOISE
55 NOISE GRADE 2.5
50 ALL MONTHS-30° NORTH TO 30° SOUTH LATITUDE
AUG, SEP, OCT, FEB, MAR,APR — ALL LOGATIONS
45 1]
40
€ as
3
335
A
a
T 30
>
=
» F N
Z 25 H
w 2
'2 kH 20{ LOCAL TIME AT RECEIVING LOCATION
3 20 ook s
w s &
T 04 PRCHEHHHANGH
- H BEEEEES: .
2 5 i, 55 et
W H H 1
a H ass:
G 'of oLl e e
I A A i E )
o H A R H
w S5H 08 . HHH
a H o IR
> AL T T
2 of i ‘ :
[+ < ]
-5 {H A T =
-15
-20 AS 1 u:::
24 |po 2 1208 3 16
-25
-30 ; i ,
[ 2 4 6 8 10 12 14 [ 18 20 22 24 26 28

FREQUENCY- Mc/s

Figure 11-39. Minimum Required Incident Field Intensities, Noise Grade 2.5, Equinox



CHAPTER 11 Radio Wave Propagation

MINIMUM REQUIRED INCIDENT FIELD INTENSITIES
(HOURLY MEDIAN VALUES)

TO ASSURE RADIOTELEPHONE COMMUNICATION
FOR NINETY PERCENT OF THE DAYS
IN THE PRESENCE OF SET NOISE OMNLY

AND

DISCRIMINATION GAINS WHEN RECEIVING
IN THE PRESENCE OF ATMOSPHERIC NOISE

FOR
I5' WHIP ANTENNA

CURVES ARE FOR VARIOUS VERTICAL ANGLES OF WAVE ARRIVAL

MEASURED FROM THE HORIZONTAL PLANE

ERECTED OVER “POOR" GROUND, €=4,0 =10"> MHOS/M

45 . , -
e R e ] 3
e H SSphpapug sy 13 Il
E T i
> 40 :
3 s T HE
A 35 IEitietalest
m H n
o 11 i
I | SAEY 8N
> HHH R F Bas JERs! 114 ©
‘_ 30 —[ 1 + (1T NNEN AEnnh ENEn Snsa T3 o
b i ; i
z i T H te e HHH] S z
w o5 Eifirigs Egsagpasy syt =
[ S2E5S SHSaR SLARE Easdshudad pist T ] =
z £2E3 e EEdsaSaes I L U g
id3 geast t T
o A=2,5° t g gnuspaningsafy i
=z
J20 T 85} SaasEAEEsa TERRE RS SRR RES. S
RAS Tad 1 AT 5 1 -
« AL T b
T 1 *“ G{ T . I HiPHH 20 T} 2
o =
2 A H =
w 18 8 -
o 10° s s S
O I10KEH ll-x -1 TIT 2]
z LT 60 50 ST G B L R s
o aans! =z - =ean
w 5 » 40 © BENESNEE %
@ il Sgagpgunsansgassenpappaspaypnaay -
5 stk ! 4
5 i i
w H f H
« - g % 5
SEEdgsaREnas 1 g8 t H
. E RIS Rl B R
2 4 6 ) 10 12 14 6 18 20 22
FREQUENCY — Mc /s

Figure 11-40. Minimum Required Incident Field Intersities and Discrimination Gain,
15-foot Whip Antenna

11-47



Radio Wave Propagation

CHAPTER 11
MINIMUM REQUIRED INCIDENT FIELD INTENSITIES
(HOURLY MEDIAN VALUES)
TO ASSURE RADIOTELEPHONE COMMUNICATION
FOR NINETY PERCENT OF THE DAYS
IN THE PRESENCE OF SET NOISE ONLY
AND
DISCRIMINATION GAINS WHEN RECEIVING
IN THE PRESENCE OF ATMOSPHERIC NOISE
FOR
A/4 GROUNDED VERTICAL ANTENNA
CURVES ARE FOR VAR10US VERTICAL ANGLES OF WAVE ARRIVAL
MEASURED FROM THE HORIZONTAL PLANE
ERECTED OVER " POOR" GROUND,€=4,0=10"3 MHOS/M
35 ! - -24
3 gunagus
N 30
>
=Y
N 25 S - 14
m
a aasgases:s
! @
> 20 - 9
': - § o
Ty : L =z
& 15 o s -4 Z
z A=80° : i e 20 b
! s HHb T 40° -
o ! Soaassascansoamce: . : !
q 10 ; R o c
w E § HH : g 4 &
- 5 FTH i
- H 5 © BHI60 ° Ssiasiss e =
z dass: 10 =
w H a
o HH o
o n 2
z o
o H
-5 16
o H 40°
S l':
8_19 0° 21
m | ns
Y H
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
FREQUENCY - Mc/s
Figure 11-41. Minimum Required Incident Field Intensities and Discrimination Gain,

11-48

1/4-Wave Grounded Vertical Antenna



CHAPTER 11 ' Radio Wave Propagation

MINIMUM REQUIRED INCIDENT FIELD INTENSITIES
(HOURLY MEDIAN VALUES)
TO ASSURE RADIOTELEPHONE COMMUNICATION
FOR NINETY PERCENT OF THE DAYS
IN THE PRESENCE OF SET NOISE ONLY

AND

DISCRIMINATION GAINS WHEN RECEIVING
IN THE PRESENCE OF ATMOSPHERIC NOISE

FOR

A/2 GROUNDED VERTICAL ANTENNA

CURVES ARE FOR VARIOUS VERTICAL ANGLES OF WAVE ARRIVAL
MEASURED FROM THE HORIZONTAL PLANE
TRANSMISSION LINE FED FROM BASE OF ANTENNA WiTHOUT
IMPEDANCE MATCHING NETWORK

RADIATION RESISTANCE ASSUMED 5000 OHMS

ERECTED OVER " POOR" GROUND, € =4,0'=l0°3 MHOS/M

45 - r . ™ -34
+ H H T
3 T s
~ 40 = 429
>
=N Iy i T
- gamsass
A 35 az=aan: T H -24
m I T
o : i e - ®
' 30 e -19 3
> ! T H s
[ REes H 1 100 |
= H 1 H 1A =807 H 22 issan: H oo 5
2] H T T =8 HH - T
Z o biHH ’ H H . 2 1 -14 2
w 7 ¢ 1T ! e i a8 ; =
[ T Hip b b .  sansns e L=
t jass snens se: H Sasessas- . ou A se=cocoe
= . i f H . g sl £ ©
20 os seebasia: Hrhin sseonnot s 3! L g 2
3 _,.1+_I.. 1T 31 : ;- 4 i ﬁ"_ - ;e ] 111 . Hi 538 T 9
U_J _1_ o l_h—-— 60 - : i *—ﬂ_ T - : ,{ 11 ';
* s R Eaas ks sese =£‘ 425 EERsansy -4 2
T T whes 1] -
w sug ofbod o8 By ha
5 GernE et e &
ER FEEECY % 527 st i ®
z | ATEO T a
13 120 7 : HT
o S5pE ’ - i 6
@ B 11 8 1113114
8 H 111
|&J 0 "
-5
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

FREQUENCY - Mc/s

Figure 11-42. Minimum Required Incident Field Intensities and Discrimination Gain, 1/2-Wave
Grounded Vertical Antenna, Transmission Line Fed from Base of Antenna )

11-49



Radio Wave Propagation

CHAPTER 11
EREGTED OVER " POOR" GROUND, E=4, 0710”3 MHOS/M
g = , s
== L Ho
s = = = ==t
: = -5
: : A=30° ]
E ==aT] ]
I f ! ‘T 20°r‘1 _40. 1
P~ i
.| = =3 = —-loﬁ
s == = H o
= e | = 9
A - [&)
T z T || w
K 2 t T o
05 Lz = : H 2
2 == ! | —_
a = = == : .2
@ 52 == == — T0° ] |5:;
g A :
2 = A 1] ;
w 7 — 2
F_ VAV A ] w
2 7 . ] -
R A ¢80 eseliiir e 2
.01 R N -20
== ————  80°— 5
= — — — — Pt ———
005k : == .
: H-28
a : B
ooyl L 54 16 18 20 22 24 26 28 30 -30
FREQUENGY-MC/S

Figure 11-43. Gain Curves, 15-foot Whip Antenna Erected Above Poor Ground

11-50



CHAPTER 11 Radio Wave Propagation

EREGCTED OVER "POOR" GROUND,E=4,0%=10"> MHOS/M

3 —5
1D L . ()
SE=S==== = = ]
SEEe—— ARt = H
= = 1 -5
=] A=30° ]
S IgasassSsasgees e ] 9
= ==omes rosee: 2
- i o
2 lene. 11 O
z 50 1 o
S BE== 10° H-ow
L ==== — = 1 =z
z 60 1 :
w i+ -
.05 == ] <
s = 1 o©
< == 70° 1 <
= —— . [} 2
= 17152
= w
8° -
] =
<
NJ2.5° N
Y u
.0l = —|-20
==80° = = = o
005 : =1
= —— == = = :-25
001 1 (1]
2 3 10 1 18 22 26 36 2°
FREQUENCY-MC/S

Figure 11-44. Gain Curves, 1/4-Wave Vertical Antenna Erected Above Poor Ground

11-51



Radio Wave Propagation

CHAPTER 11
ERECTED OVER “POOR"GROUND, €=4 ,J=10"3 MHOS /M
3 = ===c== g-qf)
=== == 10
5 == -
PYNe=-=—-=cssSSsssccccees H-s
7 e — ! o e e |
F30° 109! H
30 |o~ . g
S = 40° H &
T S
2 ! = oy
50°= ]
z -
i -4
w = 50— -
- el = -
z = ===== T == =
<05 = = H &
60° = 1
= t: = 12 z
D2
w
= 5
{2.5° 1 =
70° y
ol _ BEEE H-20
.005; = = == =SSES i
= = 80° ]
= SEE= S& H-25
00 . 6 10 14 18 22 26 30 0
FREQUENCY-MC/S

Figure 11-45. Gain Curves, 1/2-Wave Vertical Antenna Erected Above Poor Ground

11-52



Radio Wave Propagation

OFl 091 1834081 15v3 091 Ol 02 001 L8 09
7

11-53

World Map Showing Various Types of Terrain

CHAPTER 11

09 OF JOF ASV3 0 1M 02 O 09 £09 2001 02! > J..I!IllJ
) . o s\\\x\\\\\s\VQ\\_\\\\ \~“\ “\\ \\P“ *aNNO¥S ,¥00d, NYHL $311SI143LOVHVHD
“HILNIA VD01 ONINNG MOV /L Ky, 0 \“ / \“ \\\\\ 2V NOILVOVJONd HIHOO4 SNIAVH NOI9IY 03IY3A0D 33 F
. n 0LYNo wou AL \\\ /. 1
Wallv 531 80 9 LNOGY 3AVH ¥OLYNOI JL. mOud wow Nty 7 \\ 4 “\\ 4 %.m ¥O NINHVE V W/SOHN _ Ol LNOBY — ALIAILINGNOD  POF
NVHL 3HON NOI93¥ SIHL NI SVIWV 1S3W04 ‘Noliv, 7 \\\\\ \\ \\\ \,\\ 2 v
©1§3804 AAV3H OL WNIG3W 0 °110S MOTIVHS ¥0 axa {7/ /, % 7 ‘ | LN0EY — LNVLISNOD D14133731Q - D 1LDMV §
AGNYS ‘STVIH d331S AG 03Z (¥ILOVHVHD NOI93M¥ LVHL y7 %0 VA \\\ \\\ mwmu ) oL
T/EoNR .01 X 91 o 1= ddinmoneNe 2O T saveww a3n .6n30 A8 a3ZiNBIOVAVED NOIS3H 11v3
G = LNVISNOD 21¥1937310 - ONNOMO ,HOOd, D :
*GNNOYS ,¥00d, OL MVIINIS SO ILSI¥3L TNIVE HOIN TIUALVEINIL HOIH YV - 3ToNAC g 009
“OVVHO NOILVOVJOYd L18IHX3 YOLVNO3 IHL WOU4 .
oOE NVHL JMOW NOIO3¥ SIHL NI SVIHY 17V ¥ILNIA
907 NI :NOILVLSIHOJ W3IOSVIN GNV 110S HOIM
4330 ‘STVIH KO A8 G3IZIMILOVEVHO NOI93¥ LVHL
W/SOMM Ol X OE 0L O1 = ALIJAILINGNOD OF O1 :
‘§1 = ANVLSNOD 21¥W123731Q - GNNO¥S ,0009, § p bOY
LL . : : .
O 2t
. 1
Ot
. g
] : H
=
o , .W
! !
] . +—o1
02— z
«of] . O
O, J./;?
N ‘, N\
Ly, oS
: v 09
. LAY
g AL L4777 \\.VLb
= 72 A L
7V 717 7 / 7/
AN KA \\\\“\\ Ak
oA A2 4 PN .06
ARG D A s ook s %I
A A IAA 7, A
;\\ L \\\\u\\ k.\ % “\\\. . e \\ X y 7 woa
«09 oF W02 15V3 ,0_ i53A ,02 XT3 .09 rt

Figure 11-46.



CHAPTER 11

Radio Wave Propagation

SH3L3INO0TIN-3ONVLSIA
000€ 0002 0001 00L 00S 00g 002 00l 0L O0S og 02 3 2
1 1 1 | | 1 [ 1 1 1 | I T | 1 1 1 1.1 1 1 (]
v l | LU 1 I 1 i 1 1 TTrv v 11 1 1 1 1 1 B 1 1 1 1
0002 0001 00Z 00S 00g 002 00l oL 0§ og o2 ol ] 1
S3IN —3ONVLSIO
0002 000l 00L 00§ 00€ 002 00l 0L OS 0g 02 ol 2 1
M Il 02- 02~ (O
Il N LN N N
1] R [INIIN I ni
i i N : N ol-  ol-
__ g N —L TN N N 'l,
TN \ T N AVAN
i R AN o o !
] :’ N, NIIIN
it TN N N AN ]
Il utl N l’
| ]
_ - I 116 111 02 [Nov 3oL 00¢Y ot ol
i LT R I
It _ it N u 0z m 02 + Ol
NI 2'0 0 1[I Irofs TN 61 XJoeos I 001 T00E:DN NI bayd [ 1 1°° P
N N ! N iR T N o
I N A A i v =
e AN N AN mw m.
[N A NI N cAb oe O o
N a N n N N »
N N 1IN jord
i it ™ N 2
g Y o Sov L ov F o1
N [HIH i U. 110 NN h a<
TN N N . N
IHIIN N N N I N IS
it it N 0§ < 0§
N g =
I , i § TR
111 T s N ™ /V
TS i . : SNoe 09 T (ol
i N [
. N
R N h
nu Jln I’
AT K g H K 0L oL
N N Y
il 4 N
MM R q
! : 08 08 -+ 4OI
C i ] .
] i i 06 06
_“ T T | N
i} il
Ani j T itz
! | LI Hiil ! | T 00! 00! GO-
W/SOKN o _01=0 ‘S =73 ‘GNNOY9 ,,400d,,

FTVIN 3NO LV ¥313IN ¥3d SLI0AITTIN €°981 40
ALISNILNI G314 3ONVLSIQ@ ISYIANI VNNILNV ONILLINSNVYHL

0V44NS S HL¥VI 3HL 1V SVNNILNV

on, 1-2,000 miles--Poor Ground

ti

1zal

W/ATY - ALISN3LNI G314

Ground-Wave Field Intensity Versus Distance Curves for Various Frequencies
, for Vertical Polar

in mc

Figure 11-47.

11-54



ion

t

Radio Wave Propaga:

CHAPTER 11

SY313WO0IN- 30NVLSIA

000t  000'2 000t 00L 00§ 00¢ 002 00l 0L 0§ 0 02 ol L [ € 2
1 11 [ | 1 1 1 I O I O N | 11 T O T Y Y P | 1
T TTTT T 1T T T T T 1 TTT T 1T T T 1T 71 TTT T T 1T T T 17T 71 1
000'2  000'1 00.L 00§ 00€ 002 00l 0L 0§ o¢ 02 [o]] L [ € 2 1
S37IW - 30NVLSIA
000'2 000l 00.L 00 002 00l 0L 0§ 0¢ 02 2
T " " e al _m 02-02- -3 0!
r N [ ik |
| ; _
X AN R _ 01- 0=
: N[ LN
N INT l
N NOT
N T T
A . . > o o 1
: N
il i Y N NITIN (]
HA e Y n N ) : T : ot ot
il \ il N
N i ! NI i -
AW i i N N ! -
\Y I A N 02 5 02-f ol
0! 0'2 i Q1 SR 02 IO 0L 00¢/ om
\ N o
A H N -
A A 2
XTEN [ §1 NG 0 P 0o} 001 LI 00€ =oW NI B33 o¢ non
T N{IT] i N N ) 2
[TN] N NN @
S __ A N T or Jov,0
BERE _ N i N N b ™ !
A il __ i N NI i SUEAN =
T N M h N NIN h @
il b + h ] 0§ y 0S
i __ i LRI it U < -
1 TN 1 in | T ; i ¥ .m
_,w« >34 N I q i TN NI 09 S 090
13 FaaSw } 5 i s N s N 2
T hbéﬁ TN N h N A N
?&0\ LD il N ™, A
Q N N i N N
i IS R L 0L oL
i .,wﬁ\_s N ] N § i
q i N h
T T T v
” ”H ” - il N i o8 (o]} 'o_
T NS i i N h
IRRRIfBI i | N
L ”uu,j ] -
- I ot oy 06 06
,.i_ i MMM I N C
; il " i 8
Hi i | _ i B M N
IR i GETIEL il 001 001~ 01

W/SOHWN ; _0I= 0 ‘sl=3 *ONNO¥9 0009,

371N 3NO 1V ¥313W ¥3d SLI0AITTIN €°981 40
ALISN3LINI G7131d4 3ONVLISIG 3SY3IANI VNNILNV ONILLINSNVYL
30v34¥NS S, HIYVI 3HL 1V SVYNN3INV

11-55

, 1-2,000 miles-Good Ground

ion

W/AW — ALISNIINI Q1314

Ground-Wave Field Intensity Versus Distance Curves for Various Frequencies
, for Vertical Polarizat

1n mc

Figure 11-48.



CHAPTER 11

Radio Wave Propagation

SY3ILINOTI—3IONVLSIA
0002 0002 0001 00L 00S  O00f 003 oo1 oL 0 og 02 o L s £ 2
1 1 1 13 1 1 1 [l 1 1 1 1] 1.1 1 } 1 1 1 I T T | [ 1 1
Lo  { LIS T 1 ) I T rrr7v 171 1 1 T T I rrvr v v 1 1 LI ] I |}
0002 0001 00L 00§ 00 003 ool oL 0§ oc 02 o L s £ 3 1
S3N—30NV1SI
0002 0001 00L 005  O0Of 002 001 0L 0S 0og 02 o L S < 2 !
AV T I m I T T 02- 02-
u i v. L .n
| LM | U
LN B L o1- Ol-
ol h w il
R I I I
- BT TR o o0
o o D
LTINS . g il o ol
N I U i |11 1l
\ |
A Wi wll i
il [ ]
S oflffo2] ol o2 [ [ Xillow|NIIL. 0L ooz HRY- i 02 =02
N f Iy m
bl | J bt 5
SN [MMo el o6 00| ${]"00€ : 9N NI 0334 o Foe
P\ | N i b
A\ I N 1
I . 2
g " ov <o
N , i _
o
4 @
N i ) i os = os
RN N t )Y b N ™ K] fl m
b ., ll il _A TN m N i W
o ‘ i A o i 09 09
WOQRAM. i A i N d A\ i !
K4 :ﬂ%’ N fih AL
Q,w\_s [Hy] RO i _ ! N
Wi L 3 oL oL
T (T T N i N
il i S i
AL n il 08 08
; [ i Il N ; N
H I hd B
HH nhin : i N
L. : T : 06 06
L AT I KT A
i Wi NN P
A s L . o001 ool

N/SOHN § =0 ‘09 =3 ‘¥3LVM V3§
3TIN INO 1V ¥3L3IW ¥3d SLT0AITTIN €°981 40
ALISNZANI Q7313 3INVLSIQ 3ISNIANI VNNILNY ONILLINSNVHL
3IVINNS S, HINV3 3HL LV SVNNILNY

mmrrvra

T wrrrT

Y]
(=]
W/AT - ALISNILNI G314

?

, for Vertical Polarization, 1-2,000 miles--Sea Water

Ground-Wave Field Intensity Versus Distance Curves for Various Frequencies

m mec

myyvy 'y

Figure 11-49.

11-56



CHAPTER 11 Radio Wave Propagation
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IN THE PRESENCE OF SET NOISE ONLY

AND

DISCRIMINATION GAINS WHEN RECEIVING
IN THE PRESENCE OF ATMOSPHERIC NOISE

FOR
VARIOUS ANTENNAS

GROUND SYSTEM IS ASSUMED TO CONSIST OF COUNTERPOISE
OR BURIED OR SURFACE RADIAL WIRES EACH EXTENDING
IN LENGTH AT LEAST EQUIVALENT TO HEIGHT OF ANTENNA
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Figure 11-50. Minimum Required Field Intensity in the Presence of Set Noise, and Discrimination
Gains in the Presence of Atmospheric Noise, for Various Antennas
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GROUND SYSTEM IS ASSUMED TO CONSIST OF A COUNTERPOISE
OR OF BURIED OR SURFACE RADIAL WIRES EACH EXTENDING
IN LENGTH AT LEAST EQUIVALENT TO THE ANTENNA HEIGHT
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9. SAMPLE PROPAGATION ANALYSIS Transmitting station location - Washington, D.C.
Receiving station location - Virginia Beach, Va.
Transmission path distance - 253 km (160 miles)
Month and year - April 1957

Daily period of operation - 0800 to 1600, local time
Transmitter power (KWT-6 xmtr) - 500 watts PEP

Antennas (transmitting and receiving) - 35-ft whips

a. INTRODUCTION

This paragraph illustrates the analysis and solu-
tion to a typical propagation problem to determine

whether or-not satisfactory communication is possible
between a given transmitter and a given receiver.

The solution of this problem is based on the informa-
tion given in the first seven paragraphs of this chapter
and the typical charts and graphs provided in para-
graph 8 of this chapter. Because mathematical pro-
cedures are complex and tedious, graphical procedures
are employed in a propagation analysis. In the final
analysis of the problem, satisfactory communication
is possible if the received field intensity is equal to or
greater than the required field intensity. For a sys-
tematic solution to the problem, the information
obtained and derived during the solution of the problem
should be entered on a work sheet, a sample of which
is provided.

b. SKY WAVE PROPAGATION ANALYSIS

(1) The first step in determining the feasibility
of satisfactory communication is to state all the known

Type of service - SSB, speech quality voice

(2) The next step is to determine the MUF, using
the following procedure. The graphs used in this cal-
culation are published by the Bureau of Standards for
each month, three months in advance.

Step 1: Place a piece of tracing paper on the
world map, figure 11-8, and draw a
horizontal line coinciding with the
equator. Then locate the two station
locations with dots. Draw a vertical
line through the Washington, D.C. sta-
tion. An example of this overlay
operation is shown in figure 11-56,
although the transmitter and receiver
locations are not Washington, D.C. and
Virginia Beach.

conditions under which the link will operate. For this Step 2: Place this overlay on the great circle
sample problem, the known conditions are as follows: chart, figure 11-9, and align the
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equator line of the overlay with the
equator line of the great circle chart.
Then slide the overlay on the great
circle chart until the two stations lie
on the same great circle, and draw this
transmission path. An example of this
operation is shown in figure 11-57.
The solid lines represent the great
circles, and the dashed lines indicate
distance in thousands of kilometers.
On the great circle transmission path,
locate the midpoint. This is the con-
trol point used in determining the MUF.
The zone in which the control point lies
should be noted from figure 11-8. In
this case the control point lies in the W
(West) zone. )

‘.

Step 3: Place the overlay on the Fa-Zero-MUF
chart for the W zone, predicted for the
month and year of operation, figure
11-10. Align the equator with the zero
latitude line and the vertical line with
the 0800 local time line. The location
of the control point on this Fo-Zero-
MUF contour map indicates the zero-
MUF in megacycles. To obtain the
Fo-Zero-MUF for the other hours of the
operating period, slide the overlay
horizontally, making the vertical line
coincident with the hour of interest.

An example of this overlay operation is
shown in figure 11-58. The Fy-Zero-
MUF information for two-hour incre-
ments is entered in column 2 of the
work sheet, as shown in figure 11-59.

Step 4: Place the overlay on the Fy-4000 MUF
chart for the W zone, predicted for the
month and year of operation, figure
11-11, and perform the same operation
as in step 3. The F9-4000-MUF
information is entered in column 3 of
the work sheet, as shown in figure 11-59.

Step 5: Since the operations of step 3 and step
4 are for the specific distances of zero
and 4000 km, it is necessary to inter-
polate between the two MUF's to obtain
the MUF for the particular path length,
253 km. This interpolation is done by
the nomogram of figure 11-21. The
results of interpolation are entered in
column 4 of the work sheet, as shown
in figure 11-59. The values entered
here are the MUF's for Fg propagation.

Step 6: The E layer MUF is obtained in a manner
similar to the Fg layer MUF. However,
there is only one E layer chart, which
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is figure 11-12, entitled Median
E-2000-MUF. The E-2000-MUF is
entered in column 5 of the work sheet.
Again, for the particular path length
involved, the actual MUF must be inter-
polated by using the nomogram of figure
11-19. The results of interpolation are
entered in column 6 and are the MUF's
for E propagation.

Step 7: The sporadic E chart, figure 11-13,
should also be analyzed in a manner
similar to that for the Fo and E MUF's.
The MUF values obtained from the Eg
chart are multiplied by 5 to obtain the
Eg-2000-MUF. Then the nomogram of
figure 11-19 is used to interpolate the
MUF for the particular path distance.
Because of the indeterminate nature of
E , it is not considered in this
problem.

The above operations determine the MUF's for the
various modes of propagation, i.e., 1-hop E, 1-hop
Fs, and 1-hop Eg. " For longer paths, 2-hop and 3-hop
modes of propagation should also be considered.
However, the short communication circuit chosen for
this sample problem limits the analysis to a 1-hop sky
wave and a ground wave study. This problem was
chosen because (1) it is a circuit recently set up in
conjunction with the U.S. Navy, and (2) the possibility
of ground wave as well as sky wave communication
exists because a large portion of the path is over sea
water.

(3) Since there is the possibility of propagation by
either or both the E layer and the Fy layer, the mini-
mum frequency that will penetrate the E layer must be
determined. If the Fy MUTF is not higher than this E
layer penetration frequency, Fo propagation is impos-
sible. The E layer penetration frequency is deter-
mined from the E layer MUF and penetration nomo-
gram, figure 11-20. To do this the frequency strip of
the figure must be removed or duplicated. The fre=
quency strip is placed vertically on the nomogram
with the E-2000 MUF aligned with the reference line.
Then slide the frequency strip horizontally to the
point where it corresponds to the path length in kilo-
meters. The points where the curves intersect the
frequency strip now indicate (1) the 1-hop E MUF,

(2) the 1-hop Fy penetration frequency, and (3) the
2-hop Fy penetration frequency, as read from the
frequency strip. The value of 1-hop Fg penetration
frequency, of interest in this sample problem, is
entered in column 10 of the work sheet, shown in
figure 11-59.

(4) The radiation angle for any particular path
length and operation mode is obtained from radiation
angle curves, figure 11-18. Symmetry is assumed so
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that the radiation angle from the transmitting antenna
and the angle of reception at the receiving antenna are
equal. The radiation angles for the different modes of
propagation are obtained from figure 11-18 and
entered in column 9 of the work sheet.

(5) Since the received median sky wave field
intensity depends upon the total absorption, the absorp-
tion must be determined. Auroral absorption K,
figure 11-23, does not enter into the total absorption
because the transmission path is not in the auroral
zone. The total absorption is the product, Kx M x S.
The absorption index K is obtained from the absorption
index chart, figure 11-22, in the same manner as the
MUF's were obtained, and it is entered in column 7
of the work sheet. Where the path length is greater
than 3000 km, the absorption index K must be cor-
rected by using the nomogram of figure 11-24. The
sunspot number must be known to determine the solar
activity factor S. For the month of April 1957, the
sunspot number is 187 and S is found to be 2.0 from
the top of figure 11-25. The seasonal correction
factor M is read from the table in figure 11-25 for
April and is found to be .8. The total correction
factor M x S is, therefore 2.0 x .8 which equals 1.6.
The corrected absorption index is entered in column
8 of the work sheet, and it is obtained by multiplying
the absorption index of column 7 by the correction
factor 1.6.

(6) Before the median sky wave field intensity can
be determined, it is necessary to choose the operating
frequency. For E layer propagation, the frequency of
optimum traffic, FOT, is equal to the E layer MUF.
For Fg layer propagation, the FOT is equal to 85 per
cent of the Fy layer MUF. The FOT is chosen as the
operating frequency and entered in column 11 of the
work sheet.

(7) The received median sky wave field intensity
referenced to an inverse distance field of 300 mv/m
at 1 km may now be calculated from figures 11-27
through 11-35, the figures used depending upon the
mode of propagation and the path length. Where the
distance lies between the distances for which these
graphs have been made, it is necessary to make a
direct-proportion (linear) interpolation between values
obtained from two graphs. The values so obtained
are entered into column 12 of the work sheet.

(8) The received median field intensity obtained
in the operation above is referenced to 300 mv/m at
1 km for 1 kw of radiated power from a short vertical-
element antenna over perfect ground, measured in the
ground plane. To calculate the actual received field
intensity, it is necessary to consider the gain of the
transmitting antenna and the actual transmitted power.
The gain of the transmitting antenna at different
radiation angles is obtained from figures 11-43 through
11-45. The gain of a 15-ft whip antenna is obtained
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from figure 11-43 and is entered into column 13 of the
work sheet. The value obtained is the gain over the
reference antenna which is a short vertical element
over perfect ground. For the 1-hop E frequencies,
the 35-ft whip is less than 1/4 wave length. There-
fore, the value obtained for the 15-ft whip is cor-
rected by adding (10 log 35/15) db which is +3.7 db.
The value for the 35-ft whip where the radiation angle
is 37° is entered in column 14 of the work sheet. For
the 1-hop Fg frequencies, the 35-ft whip is between
1/4 wave length and 1/2 wave length. Therefore,
values for the antenna gain are interpolated between the
value obtained from figure 11-44 and figure 11-45 for
a radiation angle of 66°. This value is entered in
column 15 of the work sheet.

(9) The transmitter power output referenced to 1
kw is entered in column 16 of the work sheet. Since
the KWT-6 transmitter used in the sample problem is
rated at 500 watts PEP, the output referenced to 1 kw
is -3 db. The transmitter power output must be
referenced to 1 kw because the field intensity entered
in column 12 is referenced to 1 kw output.

(10) The effective radiated power is equal to the
algebraic sum of the transmitter output, column 16 on
the work sheet, and the antenna gain, column 14 or 15.
This value is entered in column 22 of the work sheet.

(11) The received field intensity of the median
sky wave is the algebraic sum of the effective radiated
power, column 22 on the work sheet, and the field
intensity in db > 1 uv/m at 1 km, column 12 on the
work sheet. This value is entered in column 23 of the
work sheet.

(12) Now that the received field intensity is
determined, the required field intensity to overcome
noise must be determined. Atmospheric noise is
determined from a noise distribution chart, figure
11-36, which is drawn from noise level observations
and divides the world in various noise grades ranging
from 1 to 5. For this problem, the noise grade at the
receiving station for April is 2.5. Since the noise
level varies with operating frequency and seasons, it
is necessary to refer to a curve, such as shown in
figures 11-37 through 11-39, to determine the field
intensity required to overcome atmospheric noise.
Since the operating time is in April, the figure 11-39
is used, and the values obtained are entered in column
17 of the work sheet. The value entered here is the
hourly median value of minimum required field inten-
sity that will provide a S/N ratio of 13.8 db 90 per
cent of the days for double sideband, radiotelephone
communication in the presence of atmospheric noise.
Because the required field intensity to overcome
atmospheric noise depends upon the location of the
receiving station, a separate analysis must be made
for a two-way communication circuit whenever the
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noise grade for the two stations is different. However,
in this sample problem, the two stations are so close
together that the same atmospheric noise conditions
exist at both stations. Therefore, if successful trans-
mission is possible in one direction, it is also possible
in the reverse direction, in this problem.

(13) The field intensity required to overcome set
noise is determined from curves such as figures 11-40
through 11-42, in a manner similar to that used for
determining the antenna gain for a 35-ft whip antenna.
From figure 11-40, the minimum required field
intensity to overcome set noise with a 15-ft whip
antenna is obtained for the 1-hop E propagation at 37°.
From this value, (10 log 35/15) db is subtracted to
adjust the figure for the 35-ft whip antenna. The value
of (10 log 35/15) is 3.7 db. For 1-hop Fg propagation
at 66°, values are obtained from figures 11-41 and
11-42 for 1/4 and 1/2 wave length antennas. Then the
value for the 35-ft whip antenna is logarithmically
interpolated between these two values. The values
obtained for field intensity to overcome set noise are
entered in column 18 of the work sheet. The dis-
crimination gain of the whip antenna is neglected.

(14) The minimum required field intensity for the
system to overcome all noise is the greater of the
field required to overcome atmospheric noise and the
field required to overcome set noise. Therefore, the
greater of column 17 and 18 is entered in column 19
on the work sheet.

(15) The required field intensity entered in column
19 is based on a median field intensity with a double
sideband voice signal. To adjust this value for single-
sideband voice and for a field intensity which exceeds
the median 90 per cent of the time, the service gain
value is used. The table of service gains for sky
wave communication with a fading signal is obtained
from figure 11-26. For single-sideband radiotele-
phony, speech grade quality, the service gain is -1 db.
This service gain value, which has been adjusted for
a fading signal, is entered in column 20 of the work
sheet. The required field intensity for reception,
column 21, is then the sum of the required field
intensity to overcome noise and the service gain. That
is, column 21 is equal to column 19 plus column 20.
The value entered in column 21 is the required field
intensity to assure satisfactory radiotelephone com-
munication for 90 per cent of the time in the presence
of atmospheric noise and set noise for single-sideband
radiotelephony.

(16) If the received field intensity, column 23, is
greater than or equal to the required field intensity
for reception, column 21, satisfactory sky wave com-
munication is possible. The threshold for satisfactory
communication is defined as a S/N ratio of 13. 8 db.

In this sample problem, satisfactory 1-hop E sky wave
communication is possible throughout the operation

Radio Wave Propagation

period of 0800 to 1600 during April 1957.
entered in column 24 of the work sheet.
1-hop Fy communication is not possible.

This fact is
Satisfactory

c. GROUND WAVE PROPAGATION ANALYSIS

(1) For the sample problem, the possibility of
ground wave communication exists for the Washington,
D.C. to Virginia Beach circuit because the path length
is short. This possibility is made evident by an
examination of the terrain over the communication
path which shows that the greater portion of the path
is over sea water. Also, the ability of the trans-
mitter used to operate at frequencies as low as 2 mc
increases the possibility of ground wave communica-
tion. The transmission path from Washington, D.C.
to Virginia Beach, Va. consists of 0 to 50 miles over
poor soil, 50 to 75 miles over sea water, 75 to 100
miles over poor soil, 100 to 160 miles over sea water.
Figure 11-46 is a world map showing these various
types of terrain. Since ground wave propagation over
sea water is quite good, compared to propagation over
poor ground which greatly attenuates the wave, the
85-mile sea water path increases the possibility of
ground wave communication for this circuit.

(2) For ground wave propagation, the choice of
operating frequencies is arbitrary, but generally the
received field strength increases with a decrease in
frequency. The received field intensity is limited
only by the power capability of the transmitter and is
independent of the time of day. For this sample
problem, 2 mc and 4 mc frequencies are chosen for
analysis and are entered in column 2 of the work sheet,
figure 11-60.

(38) Figures 11-47 through 11-49 are curves which
indicate the received field intensity for ground wave
propagation versus distance for various types of earth.
The received field intensity is referenced to 300 mv/m
at 1 km radiated from a short vertical element over
perfect ground with an input power of 1 kw. The
received field strength over a mixed-earth trans-
mission path is calculated as follows:

Step 1: The field strength for the first 50 miles
is determined from figure 11-47 at the
operating frequency for poor soil
conditions.

Step 2: The field strength for the distance 50
to 75 miles is determined from figure
11-49 by entering the proper frequency
curve at the same decibel level as
obtained in step 1. From the distance
which corresponds with the point of
entry, 25 miles is added, and the
resulting field strength recorded.

Step 3: The field strength for the distance 75

to 100 miles is determined from figure
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11-47 by entering the proper frequency
curve at the same decibel level as
obtained in step 2. From the distance
which corresponds with the point of
entry, 25 miles is added, and the
resulting field strength recorded.

Step 4: Finally, the field strength for the dis-
tance 100 to 160 miles is determined
from figure 11-49 by entering the
proper frequency curve at the same
decibel level as obtained in step 3.
From the distance which corresponds
with the point of entry, 60 miles is
added, and the field strength recorded.
This final field strength is the received
field strength for the 160 mile mixed-
earth transmission path. This value is
entered in column 3 of the work sheet,
figure 11-60.

(4) The transmitting antenna gain for the 35-ft
whip antenna at the operating frequencies is obtained
from figure 11-53, which is drawn for a 15-ft whip
antenna. Since the operating frequencies are low, the
35-ft whip can be considered equal to the 15-ft whip,
because they both are less than 1/8 wave length at
the frequencies involved. The antenna gain is entered
in column 4 of the work sheet.

(5) Since the field intensity entered in column 3
is referenced to 1-kw input power to the antenna, the
input power of the transmitter used must be referenced
to 1 kw. The power input of the 500-watt PEP trans-
mitter is -3 db. This value is entered in column 5 of
the work sheet.

(6) The received ground wave field intensity can
now be determined. It is the sum of the field intensity,
the transmitting antenna gain, and the input power,
that is, column 3, plus column 4, plus column 5.

This value is entered in column 6 of the work sheet.

(7) Having completed the determination of the
received ground wave field intensity, the required
field intensity for reception must be determined. The
required field intensity to overcome atmospheric
noise is obtained in exactly the same manner as it is
for sky wave propagation, and the same charts and
graphs are used. See subparagraph b(12) of this
paragraph for this procedure, keeping in mind that the
operating frequencies for ground wave propagation are
different from those used in the sky wave analysis.
The values of field intensity required to overcome

CHAPTER 11

atmospheric noise are entered in column 7 of the work
sheet.

(8) The field intensity required to overcome set
noise is determined from figure 11-50. The curve for
the 15-ft grounded vertical whip antenna is used for
this calculation, the 15-ft whip being considered equal
to the 35-ft whip at the frequencies involved. The
values of field intensity required to overcome set noise
are entered in column 8 of the work sheet.

(9) The minimum required field intensity to over-
come all noise is the greater of the field intensity
required to overcome atmospheric noise and the field
intensity to overcome set noise. This value is
entered in column 9 of the work sheet. That is, column
9 is the greater of column 7 and column 8.

(10) Since the minimum required field to overcome
noise is based on a double sideband radiotelephone
signal, it must be adjusted by the service gain for
single-sideband radiotelephone. The value of service
gain for single-sideband radiotelephony for ground
wave communication is -9 db, as obtained from figure
11-51. This value is entered in column 10 of the work
sheet.

(11) The required field intensity for reception can
now be determined. It is the algebraic sum of required
field intensity to overcome noise, column 9, and the
service gain, column 10. This value is entered in
column 11 of the work sheet.

(12) If the received field intensity, column 6, is
equal to or greater than the required field intensity
for reception, column 11, satisfactory ground wave
communication is possible. In this sample problem,
ground wave communication is possible for an
operating frequency of 2 mc. This fact is entered in
column 12. Satisfactory ground wave communication
is not possible for an operating frequency of 4 mc.

d. FINAL ANALYSIS

This study of propagating conditions between
Washington, D.C. and Virginia Beach, Va. indicates
that two modes of propagation may be used during an
operating period between 0800 and 1600 in April 1957.
Frequencies between 4.6 mc and 5.5 mc may be used
for E layer, sky wave propagation, or a frequency of
2.0 mc may be used for ground wave propagation. Of
the two possible modes, the strongest signal will
result from E layer sky wave propagation because the
received field strength is much larger than the required
field strength.



Column 1:

Column 2:

Column 3:

Column 4:

Column 5:

Column 6:

Column 7:

Column 8:

Column 9:

Column 10:

Column 11:

Column 12:

Column 13:
Column 14:

Column 15:

Column 16:
Column 17:

Column 18:

Column 19:
Column 20:
Column 21:
Column 22:
Column 23:

Column 24:

Operation period logged in 2-hour increments
From figure 11-10
From figure 11-11
Interpolated between column 2 and column 3 using figure 11-21
From figure 11-12
Interpolated from column 5 using figure 11-19
From figure 11-22
Column 7 multiplied by correction factor (M x S) which is obtained from 11-25
From figure 11-18
Interpolated from column 5 using figure 11-20

For 1-hop E, taken as column 6; for 1-hop Fy, taken as 85 per cent of column 4

From figures 11-27 and 11-30 for 1-hop F,, using linear interpolation between
values obtained; from figures 11-29 and 11-32 for 1-hop E, using linear
interpolation between values obtained

From figure 11-43

Column 13 plus (10 log 35/15) for 1-hop E

From figures 11-44 and 11-45 for 1-hop Fj using logarithmic interpolation
between values obtained

Transmitter power output of 500 watts referenced to 1 kw equals -3 db
From figures 11-36 and 11-39

From figure 11-40 less (10 log 35/15) for 1-hop E; from figures 11-41 and 11-42
for 1-hop Fy, using logarithmic interpolation between values obtained

The greater of column 17 and column 18

From figure 11-26

Column 19 plus column 20

Column 16 plus column 14 for 1-hop E; column 16 plus column 15 for 1-hop Fgo
Column 12 plus column 22

"Yes'" if column 23 is equal to or greater than column 21; "no" if column 23 is
less than column 21
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SKY WAVE PROPAGATION ANALYSIS

CIRCUIT: Washington, D.C. to Virginia Beach, Va.; 253 km (160 miles)

ANTENNAS: 35-ft whips for both transmitting and receiving

TRANSMITTER: KWT-6 with PEP output of 500 watts

TYPE OF SERVICE: SSB voice

PERIOD OF OPERATION: From 0800 to 1600, April 1957 (local time)
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Tabulated Sky Wave Propagation Analysis

Figure 11-59.



Column 1: Operation period logged in 2-hour increments
Column 2: Arbitrarily chosen

Column 3: From figures 11-47 and 11-49

Column 4: From figure 11-53

Column 5: Transmitter power output of 500 watts referenced to 1 kw equals -3 db
Column 6: Column 3, plus column 4, plus column 5
Column 7: From figures 11-36 and 11-39

Column 8: From figure 11-50

Column 9: The greater of column 7 and column 8
Column 10: From figure 11-51

Column 11: Column 9 plus column 10

Column 12: "Yes'" if column 6 is equal to or greater than column 11; "no" if column 6 is less than column 11



Radio Wave Propagation

CHAPTER 11

GROUND WAVE PROPAGATION ANALYSIS

CIRCUIT: Washington, D.C. to Virginia Beach, Va.; 160 miles

from 0-50 miles, poor soil

from 50-75 miles, sea water

from 75-100 miles, poor soil

from 100-160 miles, sea water

ANTENNAS: 35-ft whips for both transmitting and receiving

TRANSMITTER: KWT-6 with PEP output of 500 watts

TYPE OF SERVICE: SSB voice

PERIOD OF OPERATION: From 0800 to 1600, April 1957 (local time)
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Tabulated Ground Wave Propagation Analysis

Figure 11-60.
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PROPAGATION ANALYSIS WORK SHEET

CIRCUIT

ANTENNAS

TRANSMITTER

TYPE OF SERVICE

PERIOD OF OPERATION
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Sample Work Sheet No. 1
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CIRCUIT

PROPAGATION ANALYSIS WORK SHEET

ANTENNAS

TRANSMITTER

TYPE OF SERVICE

PERIOD OF OPERATION
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Sample Work Sheet No. 2
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