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SUBCOURSE OVERVIEW
This subcourse is designed to teach the princigfleadio wave propagation.

The prerequisite for this subcourse is that youaageaduate of the Signal Officer Basic Coursetor i
equivalent.

This subcourse reflects the doctrine which wasettrat the time it was prepared. In your own work
situation, always refer to the latest official pahtions.

Unless otherwise stated, the masculine genderngiukar pronouns is used to refer to both men and
women.

TERMINAL LEARNING OBJECTIVE

ACTION: Describe the principles of radio waves div they are propagated as ground waves
and sky waves.

CONDITION: Given this subcourse.

STANDARD: To demonstrate competence on this task, must achieve a minimum of 70 percent
on the subcourse examination.
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LESSON 1

PRINCIPLES OF WAVE PROPAGATION

Critical Tasks: 01-5705.07-0003

01-5879.07-9001

OVERVIEW

LESSON DESCRIPTION:

In this lesson, you will learn about the fundaméntaf radio wave propagation, modulation, and
propagation characteristics through different media

TERMINAL LEARNING OBJECTIVE:

ACTION: Identify the fundamentals of radio wave pagation.
CONDITION:  Given this lesson.

STANDARD: To demonstrate competence, you must aehi& minimum of 70 percent on the
subcourse examination.

REFERENCES: The material in this lesson was derfv@ad FM 11-64, FM 24-18, and TM 11-666.

INTRODUCTION

For many, radio is a mysterious phenomenon that chnicians understand. All signal officers must
be able to describe the nature of radio wave prajp@y and the forces that impede or enhance a radio
signal. The more you know about how radio behatres better able you will be at providing reliable
signal support, especially when faced with unexgubchallenges.
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1. Radio wave propagation. A radio wave is a fofmmadiant energy (electromagnetic radiation) that
propagates at the speed of light (186,000 mile8Gd),000,000 meters per second). The following
description of wave motion is based on FM 1l-8#ansmission Lines, Wave Propagation, and
Antennas.

a. A wave can be defined as a disturbance (sdigid, radio waves) which moves through a
medium (air, water, vacuum). To help you undemstahat this means, think of the following picture.
You are standing in the middle of a wheat fields tAe wind blows across the field toward you, yee s
the wheat stalks bending and rising as the forct®fwind moves into and across them. The wheat
appears to be moving toward you, but it is notstdad, the stalks are actually moving back andh fort
We can then say that the medium is the wheat, aadlisturbance is the wind moving the stalks of
wheat.

b. Wave motion can be defined as a recurring diahce advancing through space with or
without the use of a physical medium. Thereforés & means of moving or transferring energy from
one point to another point. For example, when dowaves strike a microphone, sound energy is
converted into electrical energy. When light wastte an antenna, they are likewise converted int
electrical energy. Thus, sound, light, and radaves are all forms of energy that are moved by wave
motion.

c. The analogy of wave motion in water helps tplax the basic concept of how a radio wave
propagates. Dropping a stone into a pool of wedsult in a disturbance of the water (the medium).
From the point of impact, the disturbance is trattsih on the surface of the water as an expanding
series of circular waves. Figure 1-1 depicts thave motion.

(1) View A shows the falling stone an instant eft strikes the water.

(2) View B illustrates the action that occurs wtika stone strikes the surface, pushing the
water upward and outward.

(3) In View C, the stone has sunk deeper into watdich has closed over it, while the
leading wave has moved outward.

(4) View D shows the leading wave continuing tovemutward, followed by a series of
waves gradually diminishing in amplitude. Meanwhithe disturbance at the original point of impact
has gradually subsided.

(5) Note that the leading wave has amplitude aadelength corresponding to one compete
cycle. The water is not actually being moved by dlutward motion of the wave, but rather by the up
and down motion of the water. The up and down omois traverse, or at right angles to the outward
motion of the waves. This is called traverse waation.
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Figure 1-1. How a falling stone creates wave motido the surface of water.

d. Figure 1-2 is a cross section of water
waves, as viewed from the side. The waves are
a succession of crests and troughs.

(1) A wavelength is the distance
from the crest of one wave to the crest of the
next, or between any two similar points on
adjacent waves.

(2) The amplitude of a traverse wave

is half the distance measured vertically from the
crest to the trough.
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e. Figure 1-3 illustrates wave motion to help ymmiter understand the terms associated with
this action.
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Figure 1-3. Comparison of waves with different amijitudes

<

(1) Waves 1 and 2 have equal frequency and wagtletut different amplitudes. The
reference line (rest position or point zero) is plosition which a particle of matter would havé vere
not disturbed by wave motion. In the case of tlatewwave, the reference line is the level of tlagew
when no wave motion is present.

(2) Looking at wave 1, you will see it has foumguaete cycles. Points ABCDE illustrate
one complete cycle; it has a maximum value abodesamaximum value below the reference line. Any
point above the reference line (between points & @his called a positive alternation, and any poin
below the reference line (between points C andsEplled a negative alternation. The combinatibn o
one complete positive and one complete negatieenation represent one cycle of waves. At point E,
the wave begin to repeat itself.

f. A wavelength is the distance in space occufmgdne cycle of a radio wave for a given
period. Wavelengths vary from a few hundredthamfinch at extremely high frequencies, to many
miles at extremely low frequencies. Wavelengthes aowever, expressed in meters. For wave 1 in
Figure 1-3, the distance between points A and goorts B and F is one wavelength.
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g. A wavelength is the distance in space occupiedne cycle of a radio wave for a given
period. Wavelengths vary from a few hundredthamfinch at extremely high frequencies, to many
miles at extremely low frequencies. Wavelengthes apwever, expressed in meters. For wave 1 in
Figure 1-3, the distance between paints A and fioorts B and F is one wavelength.

h. Waves 1 and 2 both have the same wavelengthditferent amplitudes. The height of a
wave crest above the reference line is called thelitude of the wave, which indicates the magnitude
of energy the wave transmits. A continuous sepéswaves, having the same amplitude and
wavelength, is called a wave train.

I. The number of cycles of a wave train in a wiitime is called the frequency of the wave
train and is measured in hertz (Hz). The frequesfdyoth waves 1 and 2 is four cycles per secoral.
honor the German physicist Heinrich Hertz, the tétmwas designated for use in lieu of the term
"cycles per second" when referring to the frequesfaydio waves. The frequency of household curren
is 60 Hz. The frequency of Army tactical radiognighe millions-of-Hz range.

2. Electromagnetic spectrum. The term spectrumussd to designate the entire range of
electromagnetic waves arranged in the order of finequencies. Figure 1-4, page 1-6, illustrates t
electromagnetic spectrum. As illustrated, the Bpatrepresents a continuous array of electromagnet
waves arranged in the order of their frequencibete that the frequencies used for communications
range from very low frequencies (VLF) at 3 kHz tngh super high frequencies (SHF) at 30 GHz.
These frequencies are called radio frequencies [[€jowave signals are in the ultra high frequency
(UHF) through the extremely high frequency (EHR)ga.

a. Only a small portion of the spectrum contaiisble waves (light) which the human eye can
see. When you look at a rainbow, you see the warmmlors arranged in their order of frequencye Th
electromagnetic field and electromagnetic energythe means of receiving and transferring energy
from point to point. A radio antenna is used tdiae electromagnetic energy in the form of a radio
wave. Figure 1-5, page 1-7, shows a simple radiongunications system. Generated radio waves are
radiated into space in all directions (omnidirecsit) from the transmitting antenna, at the speddajbt.
Another antenna receives the energy, or signalusTan antenna is a conductor that either radates
collects electromagnetic energy.

b. The two fundamental fields associated with gvantenna are an induction field and a
radiation field.

(1) The induction field is associated with the rgyestored in an antenna. As an antenna
radiates electromagnetic energy, a magnetic figlst®around it. Recall how your car radio resgond
when you drive past a high voltage transmissios. linThis interference is caused by the magnetic
transmission line's field acting on your radio reee The induction field is considered a localdi and
plays no part in transmitting electromagnetic eperg
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Figure 1-4. Electromagnetic spectrum.
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Figure 1-5. Simple radio communication system.

(2) The radiation field is responsible for eleatagnetic radiation from the antenna. This
field decreases as the distance from the anteranaases. Thus, when you are out of effective radio
range, you can barely understand a transmissiahgasignal is too weak to activate the receiverud.

The term electromagnetic radiation was derived bsea radio wave radiated into space by an antenna
contains both electric and magnetic fields.

c. As mentioned earlier, frequencies falling beaw@& kHz and 300 GHz are called RF, since
they are commonly used in radio communicationse RF range of 3 kHz to 300 GHz is divided into
bands of frequencies-a part of the RF spectrumes@tirequency bands are detailed in Table 1-1, page
1-8. Each frequency band of the RF spectrum isite®s higher in frequency than the one immediately
below it.

d. For a receiving antenna to pick up, or abst maximum amount of energy from an
electromagnetic field, it must be located in thang! of polarization. This is simply a matter of
orientation between the Earth and the electriadfiellf the lines of force in the electric field are
perpendicular to the surface of the Earth, the wavgid to be vertically polarized. If the lineflsfore
are parallel with the Earth, the polarization igds® be horizontal Figure 1-6, page 1-9, showshbot
vertical and horizontal polarization. Notice thatview A, the electric lines are at right anglesthe
Earth's surface. In view B, the electric lines pagallel to the Earth's surface. Polarizatior&f the
strength and range of a signal and is addressadgdtive planning process before executing signal
operations. Polarization will be discussed in naetail in Lesson 2.
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Table 1-1. Radio frequency bands.

Description Abbreviation Frequency -.lJ
Very low frequency VLF 3 to 30 kHz
Low frequency LF 30 to 300 kHz
Medium frequency MF 300 to 3000 kHz
High frequency HF 3 to 30 MHz
Very high trequency VHF 30 to 300 MHz
Ultra high frequency UHF 300 to 3000 MHz
Super high frequency SHF 3 to 30 GHz
Extremely high frequency EHF 30 to 300 GHz

3. Modulation. Both amplitude modulation (AM) aftdquency modulation (FM) transmitters produce
RF carriers. The carrier is a wave of constantlange and frequency, which can be modulated by
changing its amplitude or frequency (Figure 1-fea&-10). Thus, the RF carrier "carries" inteltige

by being modulated. Modulation is the processupesimposing intelligence (voice or coded signals)
on the carrier. The following discussion of modla is based on FM 24-18, Tactical Single-Channel
Radio Communications Techniques.

a. AM is defined as the variation of the RF powatput of a transmitter at an audio rate. In
other words, the RF energy increases and decr@agpesver according to the audio frequencies (AFS)
superimposed on the carrier signal.

(1) When AF signals are superimposed on the RFecagignal, additional RF signals are
generated. These additional frequencies are aquhke sum and the difference of the AF signals and
the RF used. For example, assume a 500 kHz c#&rimodulated by a 1 kHz audio tone. Two new
frequencies are developed. One is at 501 kHzgtine of 500 kHz and 1 kHz) and the other is at 499
kHz (the difference between 500 kHz and 1 kHz)a fomplex audio signal is used instead of a single
tone, two new frequencies will be set up for eacthe AF signals involved. The new frequencied tha
result from superimposing an AF signal on an RRaligre called sidebands.
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Figure 1-6. Vertical and horizontal polarization.

(2) As described above, when the RF carrier isutaddd by complex tones such as speech,
each separate frequency component of the modulsiggmgl produces its own upper and lower sideband
frequencies as shown in Figure 1-8, page 1-11. s@hadditional frequencies occupy a band of
frequencies which are called sidebands. The sitktiaat contains the sum of the RF and AF sigrsals i
called the upper sideband. The sideband that icantiae difference between the RF and AF signals is
called the lower sideband.

(3) The space occupied by a carrier and its aastatisidebands in the radio frequency
spectrum is called a channel. In AM, the widthef channel (bandwidth) is equal to twice the hsghe
modulating frequency. For example, if a 5000 kHz MHz) carrier is modulated by a band o
frequencies ranging from 200 to 5000 cycles (.8 tdHz), the upper sideband extends from 5000.2 to
5005 kHz. The lower sideband extends from 499%8 to 4995 kHz. Thus, the bandwidth is the
difference between 4995 kHz and 5005 kHz, a tdtaDdkHz.
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Figure 1-7. Wave shapes.

(4) AM is used by radiotelephone and teletypewritansmitters operating in the medium
and high frequency bands. The intelligence of @& gignal exists solely in the sidebands. It is
susceptible to electrical storm interference. Yiay observe this by tuning in an AM station on your
car radio during a thunderstorm. The interferdmggpens the instant the lightning flashes.
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b. FM is the process of varying the
carrier signal's frequency (rather than its
amplitude) in accordance with the variations of
the modulating signals. The amplitude or power
of the FM carrier does not vary during
modulation (Figure 1-9).

CARRIER

-(.1 TO 3KHZ) +{.1 TO 3KHZ2)

(1) The carrier signal's frequency, LS8 uss
when it is not modulated, is called the center or 297KHZ 300KHZ 303KHZ
rest frequency. When a modulating signal is
applied to the carrier, the carrier signal will Figure 1-8. Amplitude-modulated system.
move up and down in frequency away from the
center or rest frequency. F\I

(2) The amplitude of the modulating
signal determines how far away from the center
frequency the carrier will move. This
movement of the carrier is called deviation; how
far the carrier moves is called the mount of
deviation. During reception of the FM signal,
the amount of deviation determines the loudness Figure 1-9. Frequency modulation.
or volume of the signal.

(3) The FM signal leaving the transmitting antemhaonstant in amplitude, but varying in
frequency according to the audio signal. As tlgnal travels to the receiving antenna, it picks up
natural and manmade electrical noises that caug@itade variations in the signal. All of these
undesirable amplitude variations are amplified las signal passes through successive stages of the
receiver until the signal reaches a part of theikae called the limiter.

(4) The limiter eliminates the amplitude variasan the signal, then passes it on to a device
called a discriminator, which is sensitive to vaaas in the RF wave's frequency. The resultant
constant amplitude FM signal is then processed Hey discriminator circuit, which changes the
frequency variations into corresponding voltage lgonge variations. These voltage variations
reproduce the original modulating signal in a headsudspeaker, or teletypewriter.

(5) FM is generally used by radiotelephone trattemioperating in the VHF and higher
frequency bands.
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4. Behavior of radio waves in different media.

a. Radio waves are subject to the influence ofetvdronment in which they are propagated.
When a radio wave leaves the boundary of one mediunenters another, the wave changes direction.
Three things can occur when a wave passes frormed&im to another:

(1) Some of the energy can be reflected backtheanitial medium.

(2) Some of the energy may be transmitted intosseond medium where it may continue at
a different velocity.

(3) Some of the energy may be absorbed by theunedi

b. Reflected waves are neither transmitted noordlesl, but are reflected from the surface of
the medium they encounter. The basic analogyillaatrates this concept is the mirror. Figure@-1
illustrates the reflection of a light beam fromlashlight. If a wave is directed against a mirribhe
wave that strikes the surface is called the indidesve, and the one that bounces back is called the
reflected wave. This also occurs when a waveaissmitted skyward, reflect off the ionosphere, and
returns to a receiving station. The angle of otiten equals the angle of incidence.

c. When a wave passes from one medium into a medhat has a different propagation
velocity, a change in the direction of the wavelwitcur. This changing of direction is called
refraction. Possibly the most common recollectbthis is when you dip a spoon into a glass ofewat
the spoon handle appears bent. Figure 1-10 atswsshow a wave is refracted (bent) as it travelmfr
one medium to another, such as a radio wave berdgiitgpasses through the atmosphere.

d. When a radio wave encounters an obstacle ipat, it bends around the obstacle. This
bending is called diffraction, and results in arale of direction of part of the energy from themat
line-of-sight path. Figure 1-11 shows a signat tkaiffracted around a mountain range. Betwdwmn t
mountains and the house, the closer you are thdbse, the stronger the signal. Conversely, thsecl
you are to the mountains, the weaker the signaheteconnoitering a hilly area prior to an operati
radio checks should be made to determine areasaofrpdio reception.

e. Absorption occurs when radio waves are tratsdcitrom one medium to another, with a
resultant loss of energy. For example, if a raignal is propagated through trees during the summe
months, the foliage will absorb some of the enarfgthe signal. The same signal transmitted dutireg
winter months may pass because the trees havetsbedeaves and do not absorb the signal. A
receiving antenna should be erected so that ihithe best position possible to absorb incoming
electromagnetic energy.
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Figure 1-11. Diffraction of a TV signal over a mouatain range.
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5. Summary. In this lesson, you learned about ftrelamentals of radio wave propagation,
modulation, and propagation characteristics thradiferent media.

a. A cycle is one complete positive and negatitexraation of current or voltage.
b. A wavelength is the distance an electromagmedive travels during the cycle.
c. Amplitude in the magnitude of energy of a waaemeasured from zero.

d. Frequency is the number of complete positivéd aagative cycles completed in a given
period, normally per second.

e. The electromagnetic spectrum is the entiregasfgelectromagnetic waves arranged in the
order of their frequencies.

f. Aninduction field is the field associated witkte energy stored in the antenna.
g. A radiation field is the field responsible flectromagnetic radiation from the antenna.
h. Polarization is the direction of a radiatechsigeither horizontal or vertical.

I. AM is modulation in which the amplitude of arcar wave is varied above and below its
normal value in accordance with the intelligencéhef signal being transmitted.

J- FM is the process of varying the frequency otarier wave, usually with an audio
frequency, in order to convey intelligence.

k. Reflection is the turning back of a radio wdwem an object on the surface of the Earth.
Radio waves can also be reflected off the ionospher

|. Refraction is the bending or change in diractiof a radio wave passing into another
medium.

m. Diffraction is the bending of the path of wawelsen the waves are met with some form of
obstruction.

n. Absorption is the removal of energy from a aelil field by objects which retain the energy
or conduct it to ground. Loss by absorption redube strength of a radiated signal.
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LESSON 1
PRACTICE EXERCISE

The following items will test your grasp of the maal covered in this lesson. There is only oneeat
answer for each item. When you complete the eseraheck your answers with the answer key that
follows. If you answer any item incorrectly, studgain that part of the lesson which contains the
portion involved.
1. What is the electromagnetic field that is assteci with the energy field stored in the antenna?

A. Induction field

B. Magnetic field

C. Radiation field
D. Modulation field

2. What is the range of electromagnetic waves gadin order of their frequencies?

A. Amplitude

B. Wave propagation
C. Spectrum
D. Hertz

3. What is the height of a wave crest above thereetce line?

A. Amplitude
B. Frequency
C. Cycle

D. Wavelength

4. The combination of one complete positive and @raplete negative alternation is one
A. Wavelength

B. Amplitude
C. Frequency

D. Cycle
5. The distance in space occupied by one cycle Hd&o wave for a given period of time is
A. Amplitude
B. Wave motion
C. Wavelength
D. Cycle
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What happens to a radio wave as it passes fr@meedium into another medium and changes
direction?

A. It is refracted
B. It is attenuated
C. It is absorbed
D. It is diffracted

Varying the RF power output of a transmitteamfaudio rate is what?

A. Frequency modulation
B. Phase modulation

C. Sideband modulation
D. Amplitude modulation

What is the process of superimposing voice ordél@ode signals on a carrier wave?

A. Polarization
B. Modulation
C. Induction
D. Diffraction
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LESSON 1

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

A.

Induction field

The field that is associated with the energyestdn the antenna is the induction
field. (page 1-5, para 2b(1))

Spectrum

The term spectrum is used to designate the eatirge of electromagnetic waves
arranged in the order of their frequencies. (dagepara 2)

Amplitude

The height of a wave crest above the referemeeid called the amplitude of the
wave. (page 1-5, para 1h)

Cycle

The combination of one complete positive and com@plete negative alternation
represents one cycle of waves. (page 1-4, pajp le2

Wavelength

A wavelength is the distance in space occupiedrgycycle of a radio wave for a
given period of time. (page 14, para 1f)

It is refracted
When a wave passes from one medium into a medhah has a different

propagation velocity, a change in the directiontied wave will occur. This
changing of direction is called refraction. (pdg&2, para 4c)
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Correct Answer and Feedback

D. Amplitude modulation

AM is defined as the variation of the RF powetput of a transmitter at an audio
rate. (page 1-8, para 3a)

B. Modulation

Modulation is the process of superimposing iigetice (voice or coded signals)
on the carrier. (page 1-8, para 3)
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LESSON 2

PRINCIPLES OF GROUND WAVE PROPAGATION

Critical Tasks: 01-5705.07-0003

01-5879.07-9001

OVERVIEW

LESSON DESCRIPTION:

In this lesson, you will learn about ground wavepagation and the terrestrial influences that affec
communications.

TERMINAL LEARNING OBJECTIVE:

ACTION: Describe the basic principles of ground eswv
CONDITION: Given this lesson.

STANDARD: To demonstrate competence, you must aehi& minimum of 70 percent on the
subcourse examination.

REFERENCES: The material in this lesson was derfvad FM 11-64 and FM 24-18.

INTRODUCTION

Electromagnetic (radio) energy travels from a traittsng antenna to a receiving antenna in one @f tw
ways--ground waves and sky waves. Signal offieen® understand the dynamics of ground wave
propagation often overcome communications problemd, thus, provide the best signal support
possible.
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1. General. Ground waves travel near the surdhtcbe Earth. Most Army tactical communications
systems use ground wave propagation (single-chavmiek, multichannel, and mobile subscriber
equipment(MSE)). Sky waves are reflected backadhefrom the ionosphere. Other signal systems
use sky wave propagation (tropospheric scatteoyddgh frequency (HF) AM voice, and AM radio
teletypewriter (RATT). Figure 2-1 depicts groundwe and sky wave propagation.

Figure 2-1. Ground waves and sky waves.

2. The Earth's atmosphere. Since the Earth'ssptn@oe is the medium through which radio signads ar
transmitted, it follows that these signals are@é#d by varying conditions (weather, electricahat in

the upper regions, and solar eruptions). The gthwrec conditions vary with changes in altitude,
geographical location, and changes in time (dayhthseason, year). The three separate regioyergla

of the Earth's atmosphere are the troposphere stita¢osphere, and the ionosphere. Figure 2-2
illustrates the layers of the atmosphere.

a. The troposphere extends from the face of tmthEa an altitude of about 7 miles at the north
or south poles and 11 miles at the equator. ThthBaveather activity occurs in this region. slvery
turbulent due to the temperature variations, dgnsihd pressure, and these atmospheric conditions
greatly affect radio wave propagation.

b. The stratosphere is located above the tropospheextends from a height of 7 miles at the

poles (11 miles at the equator) to a height of &Bdumiles. There is little water vapor presend #me
temperature is almost constant; consequentlyyéigi®n has relatively little affect on radio waves.
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Figure 2-2. Layers of the Earth's atmosphere.

c. The ionosphere extends from about 31 milesleight of about 250 miles. Four layers of
electrically charged ions enable radio waves topb#pagated to great distances around the Earth
through reflection and refraction. This regiortloé atmosphere is the most important because o$és
for long-distance, point-to-point communication$. will be discussed in detail in Lesson 3 of this
subcourse.

3. Ground waves. Short-distance and all UHF gmkuVHF transmissions are sent by ground waves.
Ground wave propagation is affected by the Eamlestrical characteristics and by the amount of
diffraction (bending) of the waves along the cuwvatof the Earth. The strength of the ground watve
the receiver depends on the transmitter's frequandypower output, the Earth's shape and condtyctivi
along the transmission path, and the local weatbeditions. A radio signal transmitted at high pow
on a low frequency will travel farther than a hifgaquency signal transmitted at low power. A good
example of this is AM radio. The signal will alscavel farther over a flat surface than over
mountainous terrain. A ground wave is composetivof separate component waves-the surface wave
and the space wave. Figure 2-3; page 2-4, degictace wave propagation.
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a. Surface wave.

(1) As shown in Figure 2-3, the
surface wave travels along the surface of the
ground. A surface wave flows the curvature of
the Earth due to the process of diffraction. As a b e Ty
surface wave hits an object in its path, it terds t T R T T L AT

curve (bend) around the object. Figure 2-3. Surface wave propagation.

(2) As a surface wave passes over the grounddices voltage into Earth. The induced
voltage takes energy away from the surface waweely weakening (attenuating) the wave as it moves
away from the transmitting antenna. To reducenatiBon, the amount of induced voltage must be
reduced. This is done by using vertically polatizeaves, which minimize the extent to which the
electric field of the wave is in contact with tharth. When the wave is horizontally polarized, the
wave's electric field is parallel with the surfaskethe Earth and constantly in contact with it. &s
transmission is made, the signal (horizontally ppél wave) is completely attenuated within a short
distance from the transmitting site. Converselyedically polarized surface wave has its eledietd
perpendicular to the Earth and merely dips onto @fhaf the Earth's surface. Because of the lower
signal loss, vertical polarization is vastly superito horizontal polarization for surface wave
propagation.

(3) The amount of attenuation that a surface wawtergoes due to the induced voltage in
the Earth also depends, to a considerable extertheoelectrical properties of the terrain overchhihe
wave travels. The best type of surface is one lwhigs good electrical conductivity. The better the
conductivity, the less attenuation and the better propagation. Table 2-1 shows the relative
conductivity of various surfaces of the Earth.

(4) Each type of terrain shown has a differentrdegf conductivity-the ease at which radio
waves propagate. Salt water has the best degmmndiictivity. Because salt enhances conductiitity,
can be used in the field when grounding a commtioics. assemblage or generator. Moist land
surfaces provide fair conductivity, while dry terrgrovides poor conductivity and thus, impedes evav
propagation. Jungle terrain is the worst envirommnas the jungle vegetation absorbs the radio syave
reducing transmission range.
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Table 2-1. Surface conductivity.

Sea water Good
Flat, loamy soil Fair “
Large bodies of fresh water Fair “
Rocky terrain Poor

ﬂ Desent Poor

" Jungle Unusable

(5) A surface wave component, generally transihite a vertically polarized wave, remains
vertically polarized at appreciable distances ftbmantenna. As mentioned before, vertically poéar
waves do not lose power (attenuate) like horizbntpblarized waves. The better the conducting
surface, the less energy lost. Since no surfaagerfect conductor, any loss retards the grouedege
of a wave front, causing it to bend forward in theection of travel so that successive wave frdrage
a forward tilt. The Earth's surface guides the @yaand the tilt has the effect of propagating thergy
in the direction of wave travel. Poor conductingfaces cause a high loss of energy and greater til
The result is total absorption of wave energy. fikguency increases, the angle of tilt increase20

MHz signal propagating over sea water has a vewllditt (one degree). Over dry ground, the same
signal is tilted about 35 degrees.

(6) Frequency is a factor in surface wave atteaoat

(@) The higher a radio wave's frequency, the shat$s wavelength will be. These high
frequencies, with their shorter wavelengths, arenoomally diffracted, but are absorbed by the Eatt
points relatively close to the transmitting sit@s a surface wave's frequency is increased, thes mor
rapidly the surface wave will be absorbed, andnatieed, by the Earth. Because of this loss by

absorption, the surface wave is impractical forglolistance transmissions with frequencies above 2
MHz.

(b) When a surface waves frequency is low enoodhaie a very long wavelength, the
Earth appears to be very small, and diffractioguBficient for propagation well beyond the horizoim.
fact, by lowering the transmitting frequency intbetVLF range and using very high-powered
transmitters, the surface wave can be propagatedgreat distances.

b. Space wave. Figure 2-4, page 2-6, depictsespawe propagation. The space wave follows
two distinct paths from transmitting antenna toerénig antenna--one through the air directly to the
receiving antenna (direct wave or path), and therateflected from the ground to the receiving ange
(ground-reflected wave or path).
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Figure 2-4. Space wave propagation.

(1) The primary path of the space wave is direftbm the transmitting antenna to the
receiving antenna. Consequently, the receivingrard must be located within the radio horizon ef th
transmitting antenna. Because space waves atedr slightly, even when propagated through the
troposphere, the radio horizon is actually abowttnird farther than the line-of-sight (naturalyizon.

(2) Although space waves suffer little ground rait&ion, they nevertheless are susceptible
to fading. Because space waves actually follow paths of different length (direct path and ground-
reflected path) to the receiving site, they mayvarm or out of phase. If these two component egav
are received in phase, the result is a reinforcesdronger signal. Conversely, if they are recgivat of
phase, they tend to cancel one another, resutiiagneak or fading signal.

4. Engineering considerations for ground waveesyst There are a number of factors that affect
ground wave propagation. Some of these are:

a. Frequency. Using lower frequencies resultesa ground loss and increases range.

b. Antenna characteristics. Using vertical pakation, when possible, reduces the effect of the
Earth "shorting out" the electric field of the wave

c. Power. Increasing the power output resultr@ater distance.

d. Time of day. Sources of noise (natural and made) affect radio wave propagation at
different times of the day.

e. Terrain. The best propagation is achieved @agrductive terrain. Conductive terrain
absorbs less wave energy.
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5. Summary. In this lesson, you learned aboutirgpovave propagation and the influences the Earth
has on radio signals.

a. Ground waves are comprised of surface wavesgack waves.

(1) Surface waves travel along the surface ofytioeind following the curvature of the Earth.
Ground waves should be vertically polarized to oedthe attenuation caused by an induced voltage in
the Earth.

(2) Space waves follow two paths-direct wave amouigd-reflected. Space waves are
slightly refracted in the Earth's atmosphere, hdes little ground attenuation. The direct wasesl
ground-reflected waves can either reinforce or eaaach other, depending on whether or not they are
received in phase or out of phase.

b. A ground wave that is vertically polarized haslectric field perpendicular to the Earth's
surface. As a result, there is less wave energgy tlan a horizontally polarized wave, the eledieicl
of which is parallel to the Earth's surface andréfore, subject to absorption.

c. Ground waves suffer ground loss; their strengthttenuated as the Earth absorbs energy.
This causes the wave to tilt, the degree of whiepethds upon the conductivity of the surface. Poor
conducting surfaces cause high loss of energy aeatay tilt. Higher frequencies also contribute to
increased tilt.

d. Ground wave propagation is affected by a nunabdactors, including frequency, antenna
characteristics, power, time of day, and terrain.
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LESSON 2
PRACTICE EXERCISE

The following items will test your grasp of the maal covered in this lesson. There is only oneeat
answer for each item. When you complete the eseraheck your answers with the answer key that
follows. If you answer any item incorrectly, studgain that part of the lesson which contains the
portion involved.

1. Rocky terrain provides better conductivity fadio wave propagation than what other type of
terrain?

A. Flat, loamy soil

B. Jungle terrain

C. Desert terrain

D. A large body of fresh water

2. Which region of the Earth's atmosphere is ueetbhg-distance communications?

A. Troposphere
B. Exosphere
C. lonosphere
D. Stratosphere

3. A radio receiver picks up a signal propagateer @a/ground wave. The signal strength depends
on the frequency of the transmitter, the local Wweatconditions, and the Earth's shape and
conductivity along the path. What else does tgaaistrength depend on?

A. The type of power being used
B. The operator's skills

C. The age of the receiving radio
D. The power output

4. A surface wave follows the curvature of the Eae to which process?
A. Reflection
B. Refraction
C. Diffraction
D. Absorption

SS0130 2-8



What is the best type of surface (relative catiglity) for a ground wave to travel across?

A.
B.
C.
D.

Desert
Seawater
Rocky terrain
Jungle

What type of surface has tie least conductivity?

A.
B.
C.
D.

Jungle

Rocky terrain
Desert

Flat, loamy soil

As frequency increases, the angle of tilt ofeavevfront

A.
B.
C.
D.

Increases

Decreases

Remains the same

Is nullified by poor conducting surfaces

Jungle terrain does what to a radio wave?

A.
B.
C.
D.

Reflects
Refracts
Diffracts
Absorbs

Which of the following is the true statement?

A.

B.

To reduce attenuation for surface waves, theouarh of induced voltage must be
increased

Vertical polarization is vastly superior to tmntal polarization for surface wave
propagation

Horizontal polarization is vastly superior tertical polarization for surface wave
propagation

For surface wave propagation, there is no diffee between horizontal and vertical
polarization
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LESSON 2

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

Jungle terrain

Rocky terrain provides better conductivity fodi@awave propagation than jungle
terrain. (page 2-5, Table 2-1)

lonosphere

This region of the atmosphere is the most imporbeecause of its use for long-
distance, point-to-point communications. (page peBa 2c)

The power output

The strength of the ground wave at the receiepedds on the power output and
frequency of the transmitter, the shape and condtyctof Earth along the
transmission path, and the local weather conditidpage 2-3, para 3)

Diffraction

A surface wave follows the curvature of the Eadhe to the process of
diffraction. (page 2-4, para 3a(1))

Sea water
Salt water has the best degree of conducti\{page 2-4, para 3a(4))
Jungle

Jungle terrain is the worst environment. Radeves are absorbed by jungle
vegetation, reducing transmission range. (pagepa 3a(4))

Increases

The angle of tilt increases as frequency increagpage 2-5, para 3a(5)
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Correct Answer and Feedback

D. Absorbs

Radio waves are absorbed by jungle vegetatiaycieg transmission range.
(page 2-4, par 3a(4))

B. Vertical polarization is vastly superior tortzontal polarization for surface wave
propagation. (page 2-4, para 3a(2)).
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LESSON 3

PRINCIPALS OF SKY WAVE PROPAGATION

Critical Tasks: 01-5705.07-0003

01-5879.07-9001

OVERVIEW

LESSON DESCRIPTION:

In this lesson, you will learn about the fundamentd sky wave propagation, specifically, the eféeof
atmospheric conditions on radio communications.

TERMINAL LEARNING OBJECTIVE:

ACTION: State the factors involved in sky wave pagation.
CONDITION:  Given this lesson.

STANDARD: To demonstrate competence, you must &ehi@0 percent on the subcourse
examination.

REFERENCES: The material in this lesson was derfvad FM 11-64 and FM 24-18.

INTRODUCTION

Sky wave propagation is used to communicate oveg ldistances. Sky wave propagation allows
transmitted signals to be reflected (bounced) gibeion of the Earth's ionosphere and picked ua at
receiver hundreds, or even thousands of miles awagommon example of this phenomenon is heard
on the AM broadcast band, when many distant statbam be heard after sunset or in the evening hours
Signal officers must understand this propagationdendoecause they may have to establish
communications between a forward staging area éxamuntry and an echelon of command in another.
Usually, the HF band is used for sky wave propagati
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1. lonosphere. The ionosphere is the regionaier) of the atmosphere that extends from 31 niiles
about 250 miles above the Earth's surface. Its getname because it consists of several layers of
electrically charged atoms called ions. lons areméd by a process called ionization.

a. When high energy ultraviolet light waves frolne tsun enter the atmosphere's ionospheric
region, they strike gas atoms, knocking negatieetedns free. Normally, atoms are electricallytredu
When they lose an electron, atoms become positoteyged and are called positive ions. This poces
of upsetting electrical neutrality is known as mation. The rate at which ionization occurs degeorl
the density of atoms in the atmosphere and thasitieof the ultraviolet light waves, both of which
vary with the activity of the sun. The ultravioletaves striking the atmosphere are of different
frequencies, causing several ionized layers toobmdd at different altitudes. The density of i@uiz
layers is partially attributed to the elevation l@ngf the sun, which changes constantly. Consdtyen
the altitude and thickness of the ionized layeny vdepending on the time of day and even the seaso
of the year.

b. When free electrons and positive ions collidéhvweach other, a reverse process called
recombination occurs. This results in positive sioreturning to their original neutral state.
Recombination depends on the time of day. Betweermours of early morning and late afternoon, the
rate of ionization exceeds the rate of recombimatith is during this period that the ionized lag/eeach
their greatest density and exert maximum influenceradio waves. Conversely, during the late
afternoon and early evening hours, the rate of mé@oation exceeds the rate of ionization, and the
density of the ionized layers begins to decreddas density decreases throughout the night, regchi
low point just before sunrise. You can better apg@te this phenomena by listening to a far away
commercial AM radio station at night and at sunrisés the ionization rate picks up, the reception
grows fainter until you lose the station completely

c. The ionosphere is composed of three region€E(and F), as shown in Figure 3-1. The F
region is further divided into two layers desigmbEd (lower layer) and F2 (higher layer), which nga
with the position of the sun. The radiation in tbrosphere directly above a given point is graades
noon, while it is least at night. When the radiatis not present, recombination sets in.

(1) The D region ranges to 55 miles above theh=adurface. This low region of the
atmosphere has low ionization. It refracts lowgtrency signals, but high frequencies pass throygh i
with some attenuation that varies with frequencyg aegion density. The D region disappears after
sunset because of recombination.

(2) The E region ranges from about 55 to 90 mitealtitude. After sunset, recombination

occurs rapidly, and this region is almost gone hgnight. The E region is used during the day fér H
radio transmissions ranging up to about 1500 miles.
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Figure 3-1. Layers of the ionosphere.

3-3

SS0130



(3) The F region ranges from about 90 to 240 miiegh. During daylight hours, the F
region separates into two layers-the F1 and F2rdaye At night these two layers combine.
Recombination occurs slowly after sunset, so dyfamnstant ionized layer is present at all tim@he
F layers are very useful for HF long-distance ragiommunications.

d. A radio wave transmitted into an DECREASING
ionized layer is refracted (bent) as it abruptly IONIZATION
i i i i MAXIMUM
changes velocity while entering a new medium. oK

INCREASING

(1) The relationship between radio 1ONIZATION

waves and ionization density is shown in Figure
3-2. Each layer has a central region of relatively
dense ionization which tapers off in intensity
both above and below the maximum region. As
a radio wave strikes a region of increased
ionization, its velocity increases, causing it to
bend back toward the Earth. If a radio wave
strikes a thin, very highly ionized layer, the
wave may be bent back and appear to have been rigyre 3-2. Effects of ionospheric density on
reflected, rather than refracted back to Earth. radio waves.

lonospheric reflection is more likely to occur at

long wavelengths (low frequencies). This is whatuss when you bounce an AM signal off the
ionosphere and it is picked up many hundreds aésralway.

(2) For any given time, each ionospheric layer Aanaximum frequency at which radio
waves can be transmitted vertically and refractacklto Earth. This frequency is called the crltica
frequency. Radio waves transmitted at frequenicigser than the critical frequency of a given layer
will pass through the layer and be lost in spalfethis wave enters into an upper layer with a leigh
critical frequency, the wave will be refracted backEarth. Radio waves of frequencies lower thremn t
critical frequency will also be refracted back tarth, unless they are absorbed or have been redract
from a lower layer. The lower the frequency ofidio wave, the more rapidly the wave is refractged b
a given degree of ionization. Figure 3-3 showsdlseparate waves of different frequencies entering
ionospheric layer at the same angle. Notice that5-MHz wave is refracted quite sharply. The 20-
MHz wave is refracted less sharply and returneBadh at a greater distance. The 100-MHz wave is
obviously greater than the critical frequency tmattionized layer. Therefore, it is not reactetlibliost
in space.
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(3) The rate at which a wave of a given frequesagfracted by an ionized layer depends on
the angle at which the wave enters the layer. rEi§ed shows three radio waves of the same frequenc
entering a layer at different angles. The angletath wave A strikes the layer is too nearly \eatifor
the wave to be refracted to Earth. As the waversrthe layer, it is bent slightly but passes thlothe
layer and is lost. When the wave is reduced taragie that is less than vertical (wave B), it gsikhe
layer and is refracted back to Earth. The angldamay wave B is called the critical angle for that
particular frequency. Any wave that leaves theean& at an angle greater than the critical angle wi
penetrate the ionospheric layer for that frequeang will be lost in space. Wave C strikes the
ionosphere at the smallest angle that can be tettand still return to Earth. At any smaller anghe
wave will be refracted but will not return to EarthAs the radio wave's frequency is increased, the
critical angle must be reduced for refraction towc This is illustrated in Figure 3-5, page 3%he 2-
MHz wave strikes the layer at the critical angle foat frequency and is refracted back to Earth.
Although the 5-MHz wave (broken line) strikes thenasphere at a lesser angle, it nevertheless
penetrates the layer and is lost. As the anglewsred from the vertical, however, a critical anfpr
the 5-MHz wave is reached, and the wave is theactfd to Earth.

Figure 3-3. Frequency versus refraction Figure 3 Different incident angles of
and distance. radio waves.

e. The relationship between skip zone, skip degaand ground wave coverage is shown in
Figure 3-6, page 3-7.

(1) The skip distance is the distance from thadmatter to the point where the sky wave is
first returned to Earth. The skip distance's sigpends on the wave's frequency, the angle ofenciel

and the degree of ionization present. Obviouslg, gkip distance will change through the day as the
level of ionization changes.
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Figure 3-5. Effect of frequency on the critical agle.

(2) The skip zone is a zone of silence betweermpthiet where the ground wave becomes too
weak for reception and the point where the sky wiavirst returned to Earth. The skip zone's size
depends on the extent of ground wave coveragehenskip distance. When the ground wave coverage
is great enough or the skip distance is short emdligt no zone of silence occurs, there is no aige.
Occasionally, the first sky wave will return to Bawithin range of the ground wave. If the sky and
ground waves are nearly of equal intensity, thewslye alternately reinforces and cancels the ground
wave, causing severe fading. This is caused byliase difference between the two waves, which is a
result of the longer path traveled by the sky wave.

f. The relationship between frequency and anglematlence can be seen in Figure 3-7. You
can see how radio waves reach a receiver via dgvattas through one layer. The various angles are
represented by dark lines and designated as raélygoligh 6. When the angle of incidence (ray 1) is
relatively low with respect to the horizon, theme anly slight penetration of the layer, and the
propagation path is long. When the angle of inoogeis increased (rays 2 and 3), the rays penetrate
deeper into the layer, but the range decreasese tNat for rays 4 and 5, the angle is such traiRR
energy penetrates into the central area of maxinmmazation of the layer. These rays are refracted
rather slowly and returned to the Earth at greatadces. Finally, as the angle approaches vertical
incidence (ray 6), the ray is not returned attalt, passes on through the layer into space.
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2. Obstacles to propagation.

a. Absorption of RF energy in the ionosphere tesulloss of signal strength and reduced
transmission distances. Most ionospheric absorpticcurs in the lower regions of the atmosphere
where ionization density is greatest. As a radavevpasses into the ionosphere, it loses enertheto
free electrons and ions. The highly dense D atad/&'s provide the greatest absorption of radioesav

b. A radio signal will at times have variationsiia strength. This is called fading. A radio
wave refracted by the ionosphere or reflected fribv@ Earth's surface may suffer changes in its
polarization. This change in polarization resuttsveak signal reception. Fading is also caused by
absorption of the RF energy in the ionosphere.

c. There are other losses which affect the ionesphpropagation of radio waves, besides
energy losses in the atmosphere. These are gretliedtion loss and free space loss.

(1) Ground-reflection loss occurs when a transditignal is refracted off the ionosphere,
strikes the Earth, and is reflected back to th@sphere. RF energy is lost each time the radievisv
reflected from the surface. The amount of eneogy dlepends on the frequency of the wave, the angle
of incidence, ground irregularities, and the eleatrconductivity of the point of reflection.

(2) Free space loss occurs when a receiver is picking up both the desired
traveling radio wave spreads out, much like a
flashlight's beam. Figure 3-8 shows the free
space loss principle. As distance increases, the
amount of energy contained in a wavefront will
decrease. By the time the energy is received at
the antenna, the wavefront is so spread out that
the antenna extends into only a very small
fraction of the wavefront.

d. Electromagnetic interference (EMI)
can significantly reduce the quality of
communications. This is because the radio Figure 3-8. Free space loss principle.
transmission and electromagnetic radiation fronurashesired source.

(1) Sources of EMI are manmade and natural. Elesmgf manmade EMI include assorted
radio transmitters that can cause mutual interfs¥erand various electrical devices that generate
interfering signals, including ignition systemsngeators, motors, and so forth. This is the regson
must never transmit a radio signal across a sigit@l or position your communications systems near
power lines. You can appreciate the severity f tiype of interference the next time you listeryoor
car radio while driving under electrical power BneThe intensity of the radiation from the
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power lines overwhelms the signal (music) you haved in, resulting in a brief intolerable conditio

(2) Many sources of manmade interference may ciaaisese disruption of communications
during the day and drop off at night when they aoé in use. Natural interference is generated by
phenomena such as thunderstorms, cosmic souraesharsun. This causes static that you often hear
when listening to a radio.

(3) Natural interference is disruptive, particyan the HF band. Listening to your car radio
on the AM band during a thunderstorm will revea tmpact of this interference; the intensity of the
radiated energy from the lightning discharges fetes with the signal you have tuned in.

(4) At night, there are increases in the noiselkv This is attributed to both manmade and
natural interferences. Because of the changeght imi the layers of the F region, many spuriogaais
can be tuned in. Because of an increase in thébauof signals reflected off of the ionosphere, enor
than one station may be heard simultaneously, igusterference. Some stations change their power
output. This can also affect the noise levels.

e. Variations in the ionosphere are caused b¥Hréh's position relative to the sun, and by the
sun's activity. The two types of variations argular and irregular. Regular variations occuryules.
They can be predicted with reasonable accuraaggutar variations occur as a result of abnormklrso
activities. They are not predictable.

(1) Regular variations that affect the degreeoofzation in the ionosphere are divided into
four classes. These classes are daily, seas@hdhy2sunspot cycle, and 11-year sunspot cycle.

(a) Daily variations are caused by the Earth'ation.

(b) Seasonal variations are caused by the Eawvthiviag around the sun; the relative
position of the sun moves from the upper hemispteetike lower hemisphere with changes in seasons.

(c) The 27-day sunspot cycle is caused by thessotation on its axis (one rotation each
27 days). As the sun rotates, sunspots are vigtt#&-day intervals, causing variations in thezation
density of the layers. Sunspots are believed t@desed by violent eruptions on the sun and are
characterized by unusually strong magnetic fields.

(d) The 11-year sunspot cycle is caused by themtmactivity going from maximum
through minimum and back to maximum levels of istgnevery 11 years. During periods of
maximum sunspot activity, the ionization densityabiflayers increases. Because of this, absorption
the D layer increases, and the critical frequenimeshe E, F1, and F2 layers are higher. At theses,
higher operating frequencies must be used for tlisggnce communications.
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(2) Irregular variations in the ionosphere caneadely affect communications without any
advance warning. Common irregular variations idelsporadic E, sudden ionospheric disturbances,
and ionospheric storms.

(a) Sporadic E variations occur when the excebsivaized E layer often blanks out the
reflections back from the higher layers. It magoatause unexpected propagation of signals hundreds
of miles beyond the normal range.

(b) Sudden ionospheric disturbance (SID) is aiteld to a bright solar eruption and
results in abnormal ionization of the D layer. Si@uses total absorption of all frequencies abbesiia
1 MHz. It occurs without warning and can last franfew minutes to several hours. The immediate
effect is that radio receivers seem to "go dead.”

(c) lonospheric storms are caused by disturbaincéee Earth's magnetic field as a result
of solar eruptions. During ionospheric storms, skave reception above about 1 MHz shows low
intensity and is subject to a type of rapid blagtamd fading called "flutter fading." These stormay
last from several hours to days, and usually extadl the entire Earth.

3. Summary. In this lesson, you learned aboutveiye propagation and the effects of atmospheric
conditions on radio communications.

a. The ionosphere has three regions (D, E, andlkg F region is divided into two layers (F1
and F2). At night, these layers combine and aeéulifor HF long-distance radio communications.

b. Sky wave refraction and reflection vary accoegdio the layer density in the ionosphere.

c. Each ionospheric layer has a maximum frequdnalted the critical frequency) at which
radio waves can be transmitted vertically and otée back to Earth.

d. The rate at which a wave of a given frequesagacted by an ionized layer depends on the
angle at which the wave enters the layer.

e. Additional signal losses are due to grounceotibn loss and free space loss.
f. EMI is derived from two sources--manmade andurs. Examples of manmade EMI
include assorted radio transmitters that can ceugeal interference, and various electrical devibes

generate interfering signals. Natural EMI souiicetude thunderstorms, cosmic sources, and the sun.

g. Variations in the ionosphere are caused byEdrgh's position in relation to the sun, and by
the sun's activity.

(1) Regular variations that affect the degreeooization in the ionosphere are divided into
four classes. These classes are daily, seasdhdgy2sunspot cycle, and 11-year sunspot cycle.
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(2) Irregular variations in the ionosphere caneadely affect communications without any
advance warning Common irregular variations inclsderadic E, sudden ionospheric disturbances, and
ionospheric storms.
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LESSON 3
PRACTICE EXERCISE

The following items will test your grasp of the maal covered in this lesson. There is only oneeat
answer for each item. When you complete the eseraheck your answers with the answer key that
follows. If you answer any item incorrectly, studgain that part of the lesson which contains the
portion involved.

1. Which of the following are primarily used to nealong-distance radio transmissions?
A. Reflected ground waves
B. Direct waves
C. Sky waves
D. Ground waves.
2. The rate at which ionization occurs in the ipiese depends on the density of atoms in the

atmosphere. What else does it depend on?

A. The intensity of the infrared light waves
B. The intensity of the ultraviolet light waves
C. The intensity of the visible light waves

D. The intensity of sound wave refraction

3. Which ionospheric layer has the least effedb@nding the paths of high frequency radio waves?

A. D

B. E

C. F1

D. F2

4. lonospheric reflection generally occurs usingolwlirequencies?

A. EHF

B. VHF

C. UHF

D. LF
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The E layer of the ionosphere is useful for pimg communications in ranges up to about how

many miles?

A. 150

B. 1,500

C. 5,000

D. 7,500

The frequency of the wave, the angle of inciéggrand what else determine the size of the skip
distance?

A. The type of modulation

B. The height of the antenna

C. The degree of ionization present
D. The condition of the D layer

Which layer of the ionosphere attenuates highuencies that pass through it?

A.
B.
C.
D.

D
E
F1
F2

SID may totally blank out long-distance propagabf all frequencies above how many MHz?

A.
B.
C.
D.

1 MHz
10 MHz
50 MHz
150 MHz

What is the maximum frequency at which radio @sgawan be transmitted vertically and refracted
back to Earth?

oo

The refracted frequency
The critical frequency

The reflected frequency
The diffracted frequency

3-13 SS0130



3

LESSON 3

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Correct Answer and Feedback

C.

Sky waves

Sky wave propagation allows transmitted signalbé reflected (bounced) off a
portion of the Earth's ionosphere and picked up atceiver hundreds or even
thousands of miles away. (page 3-1, Introduction)

The intensity of the ultraviolet light waves

The rat at which ionization occurs in the ionasghdepends on the density of
atoms in the atmosphere and the intensity of thrawiblet light waves. (page 3-
2, para la)

D

The D layer refracts low frequency signals, bighhfrequencies pass right
through it and are attenuated. (page 3-2, payp c(l

LF

lonospheric reflection is more likely to occur &ing wavelengths (low
frequencies). (page 3-4, para 1d(1))

1,500

The E region is used during the day for HF radamsmissions in ranges up to
about 1500 miles. (page 3-2, para 1c¢(2))

Degree of ionization present

The size of the skip distance depends on theuémcy of the wave, the angle of
incidence, and the degree of ionization presepagé 3-5, para 1e(1))

D

The D layer refracts low frequency signals, bighhfrequencies pass right
through it and are attenuated. (page 3-2, pat® 1c(
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Correct Answer and Feedback

A. 1 MHz
SID causes total absorption of all frequenciesvababout 1 MHz. (page 3-10,
para 2e(2)(b))

B. The critical frequency

For any given time, each ionospheric layer hasaaimum frequency at which
radio waves can be transmitted vertically and otéeh back to Earth. This
frequency is called the critical frequency. (p8g#, para 1d(2))
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