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The most important element in a radio circuit is the antenna. You may have a powerful transmitter and a 
frequency, but without the correct antenna, communication will be less than desirable, if not impossible. 

This subcourse provides information necessary to make the right choice for an antenna and how to select the 
correct frequency depending upon the environmental conditions. 

Without an understanding of wave propagation, decisions on frequency selection and antennas could result in 
no communications. 

Even though a frequency selection is made for you, without a thorough understanding of how the frequency was 
selected, you will not understand why you couldn't communicate or what frequency you should have used for a 
given radio circuit. 

LESSON 1 
IDENTIFY CHARACTERISTICS OF WAVE PROPAGATION 

·l 
' 

TASK: Identify the characteristics of wave propagation. 

'I ' ~ ' 

I' , 

CONDITIONS: Given this lesson material, pencil, paper and without supervision. 

' I 
/• 

STANDARDS: Demonstrate competency of the task skills and knowledge by correctly responding to 70 
percent ofthe multiple choice test covering identification ofthe characteristics of wave 
propagation. (This objective supports SM task number and title 113-596-7056, Direct 
Installation of a Doublet Antenna.) 

,~, ' l· 

Learning Event 1: GROUND WAVES. 
j ! I 

l. In 1887, Henrich Hertz demonstrated that electromagnetic energy could be sent out into space in the form of 
radio waves. Radio waves travel at the speed oflight in free space, 186,000 miles per second, or 300,000,000 
meters per second. Free space implies that radio waves travel through empty space or a vacuum. In actual 
practice, radio energy travels slightly slower because of the presence of trees, hills, lakes, and the air it travels 
through. If we have a radio frequency of 1,000,000 cycles (1 MHz) per second, its full wave length is 984 feet. 
We will use the Greek letter lambda A to represent wave length. V (velocity) will represent the speed of radio 
waves. F (frequency) represents the assigned frequency. 

A=V/F 

Since: A= V/F = 300,000,000 meters per second/1,000,000 HZ (lMHz) '' I 

A= 300 meters = one wave length 

one meter equals 3.2808 feet 

converting into feet= 300 X 3.2808 = 984 feet= one wave length = A . ' 
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.. 

then one half wave length /\ /2 = 984/2 = 492 feet 

INSULATOR 
TA~SMlSSIOJ' 

I,..SOI.ATOR 
TII~NSioAISSION 

LINE 
IEARTHJ 

LINE 

Figure 1. Simple radio communication system . . 

2. The Atmosphere. How do radio waves travel from the transmitter to the receiver? What effect does the I 

atmosphere have on our radio energy? The answers to these and other questions will be answered as we discuss 
each facet of wave propagation. The atmosphere around us changes seasonally, yearly, daily, and hourly. The 
atmosphere is comprised of the troposphere, stratosphere, and the ionosphere. 

o 0 I 

' ' 
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Figure 2. Layers ofthe earth's atmosphere. 

a. The Troposphere. The troposphere lies from the earth's surface to a height of approximately 6.8 miles. 

b. The Stratosphere. The stratosphere lies between the troposphere and the ionosphere. It is also called the 
isothermal region. Its height is from 6.8 miles to 30 miles above the earth. 

c. The Ionosphere. Because it is the furthest layer away, it is ionized the most by the sun. It extends from 
approximately 30 to 250 miles above the earth. The ionosphere has several layers which have varying levels of 
ionization. 

3. Frequency Classifications. Not only does each atmospheric layer vary in ionization levels, but certain bands 
of frequencies have unique propagation characteristics. The lower frequencies have different characteristics 
from the upper frequencies. It is important to understand how each band of frequencies travels from the 
transmitter to the receiver. 

4 
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a e . requency an T bl 1 F b d coverage. 
Band FreSf!!ency 

Very low frequencies (VLF} Below .03 (30 kS.z) 1111 

LOW frequencies (LF) .03 to .3 C30 to 300 kHZ) 

Medium frequencies {MF) .3 to 3.0 
{300 kHZ to 3 Maz) ** 

High frequencies (BE) 3.0 to 30 .MliZ 

Very high frequencies (VHF) 30 to 300 Ma% 

U1trahiqh frequencies (UHF) 300 to 3.000 MB2 

superhigh £requencies (SHF) 3,000 to 30,000 MHz 
(3 to 30 GB.z) *** 

Extremely high frequencies ( EHF) 30,000 to 300,000 MHz 
(30 to 300 Gaz) 

*1kHz = 1 kilohertz = 1,000 hertz or 1 kHz 

** 1MHz = 1 megahertz= 1,000,000 hertz or 1 MHz or 1,000 kHz 

*** 1 GHz = 1 gegahertz = 1,000,000,000 hertz or 1 GHz or 1,000 MHz 

Table 2. Frequency band characteristics. 
Range 

Band Power 
Ground wave Sky wave Regg_iF,eg (kW) 

Miles km. Miles Jon 

LF 0-1000 0-1609 500-8(000 835-12 ,872 above 50 

.J1L C-100 0-161 100-1,500 161-2·,415 .s - 50 

.JiL 0-50 0-83 100-8,000 161-12,872 .5 - 5 

VHF 0-30 0-48 50-150 83.5-241 .5 or less 

UHF 0-50 0-83 xxx.xxx .5 or less 

4. Propagation in the atmosphere. There are two ways radio energy travels from the transmitter to the receiver: 
by means of ground waves or by sky waves. The ground waves travel along the surface of the earth. The sky 
wave travels from the transmitter to one of the ionospheric layers and is returned to earth. Long distance radio 
communication, depending on the frequency, can be by either ground or sky wave. The advantage of sky wave 
communication is that very little power is needed to travel long distances, say around 8,000 miles. In order to 
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communicate by ground waves, a powerful transmitter is needed in order for the radio waves to travel the same 
distances. A combination of both ground and sky wave communication usually occurs. The earth's surface 
affects the radio energy coming in contact with it. Terrain features (jungle, desert, and large bodies of water) 
either aid or lessen the radio signal. Diffraction is the bending of the radio wave with the curvature of the earth. 
The only variable in a ground wave signal is the terrain over which it travels. There are many variables in a sky 
wave signal: the frequency, the ionospheric layers, the time of day, the season, and the sunspot cycle. 

Figure 3. Principal paths of radio waves. 

a. Reflection. A radio wave may be reflected. An example of reflection is shown in fiQ.ure 4. A beam of light i;; 
shown into a mirror, almost all of the light energy is reflected. A radio signal is the same. Depending on the 
type of surface it contacts, the Signal will be either absorbed or reflected. Metal surfaces and bodies of water an:: 
good reflectors. Dense vegetation like that found in a jungle will absorb the majority of the radio energy. Notice 
in f~g_u.Lt_ t that the beam of light is reflected at the same angle it entered the mirror. This is also true with a radio 
wave reflecting off the earth's surface. 

6 
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Figure 4. Mirror Reflection. 

b. Refraction. A radio signal that strikes an ionospheric layer is similar to the wave in Jji!tJLC 5. When a beam 
oflight strikes a pool of water, the beam is bent slightly. This is what happens to a radio wave when it strikes an 
ionospheric layer. The signal is bent and is returned to earth. The terms reflection and refraction are used 
interchangeably. 
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Figure 5. Bending of light by refraction. 

c. Diffraction. Ifthat same beam of light is shown on an object, it will not cast a perfect shadow. The light 
rays tend to bend around the object and decrease the size of the shadow. This also happens to a radio wave that 
strikes an object such as a mountain. The radio wave tends to bend around the object. This is shown in D.b~:c (' . 
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SHOAT RANGE WAVE 

lONGER RANGE WAVES 

Figure 6. Diffraction of wave around solid object. 

5. Types of Ground Waves. 

a. Radio waves that do not make use of the ionosphere are called ground waves. The received signal strength 
depends on how powerful the transmitter is. Terrain features the wave must travel over affects the received 
signal strength. The Earth's surface reduces the range of a ground wave signal. Mountains and jungles are bad 
terrain features. Sea water is the best terrain feature to transmit a radio signal over. Other bodies of water are 
also good, but not as good as sea water. 

b. j ig1n :,~ 7 shows the various types of ground waves that a radio signal may take from the transmitter to the 
receiver. The signal may also be refracted by the troposphere. The ground wave is composed of a direct wave, ' 
ground reflected wave, a surface wave, and a tropospheric wave. 

OlRECTWA't/E 

I 

GROUNO REFLECTED 

/WAVE~ 

Figure 7. Possible routes for ground waves. 
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6. Direct Wave Component. The direct wave is that part of the ground wave that travels directly from the 
transmitting antenna to the receiving antenna. The direct wave is limited to line of sight distances. To increase 
the range, increase the height of either the transmitting or receiving antenna. 

7. Ground Reflecting Component. The ground reflected component is that part of the radio wave that is 
reflected before it reaches the receiving antenna. It may be reflected from the ground or from a body of water. 
When the radio wave is reflected, the phase is reversed. This could affect the reliability of communication. It 
could cancel out the radio waves that travel directly to the receiving antenna. To minimize the canceling effect, 
the antenna should be raised at either end. 

8. Surface Wave Component. 

a. The surface wave travels along the Earth's surface. It follows the curvature of the earth. When both the 
receiving and transmitting antennas are located close to the earth, the direct and reflected wave may cancel each 
other out. 

Table 3. Propagation Characteristics of Local Terrain 

T:Ype of surface Relative 
conductivity 

Dielectric 
constant 

Sea water . ... "" ..................... I Good.., ....... ~ .••• { 80 
Large bodies of fresh water .•• I Fair ..••...•..• I ao 
Wet soi.l . ..................... . .... f Fair .. ,. ...... ~ ....... I 30 
Flat, loamy soil. •............ f Fair ........... I 15 
Dry, rocky terrain .....•...... I Poor .• ~ .....••. l 7 
Desert . ............................ 1 Poor . ........... .,. t 4 
Jungle . .. .. .......... ~ ............. ... I Unusable . ...... -· .. f ................ . 

b. The surface wave is transmitted as a vertically polarized wave. When using the surface wave, use a vertical 
antenna. A horizontal antenna transmits a horizontal wave which is short circuited by the earth. The better the 
type of local terrain, the further the signal will travel and not be absorbed. The range of the surface wave is 
detennined by how powerful the transmitter is. An increase in power will increase the surface wave range. The 
range of the surface wave is also affected by the terrain features it must travel over. 

9. Frequency Characteristics of Ground Waves. 

a. The frequency used will determine which component of the ground wave will be used. If the frequency is 
below 30 MHz the surface wave will be used primarily. Between 10 and 30 MHz the local terrain features will 
determine which component of the ground wave will be used. At frequencies greater than 30 MHz the direct 
wave is primarily used because the local terrain features absorb the surface and ground reflected waves. Above 
30 MHz, vertical or horizontal polarization may be used. 

b. Frequency bands use certain components of the ground wave: 
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( 1) The low frequency band (30 to 300 kHz) is used for moderate distance ground wave communication. A 
vertical antenna should be used in the low frequency band. The radio wave follows the curvature of the earth fo r 
several hundred miles. 

(2) The medium frequency band (300kHz to 3 MHz) is used for moderate distance communication over land 
and for long distance communication over sea water up to 1,000 miles. 

(3) The high frequency band (3 to 30 MHz) is used for short distance communication. At these frequencies, 
the local terrain absorbs more and more of the signal as the frequency increases, decreasing the ground wave 
range. Long distance communications is possible using sky wave. 

( 4) The very high frequency band and higher bands (30 MHz and over) are used for line of sight 
communication. Only the direct wave component of the ground wave is usable. The range can be increased by 
raising the height of the antenna. Sky wave communication is not possible because the frequencies pass through 
the ionosphere and are not reflected. 

Instructions The following items will test your understanding of the material covered in this lesson. There 
is only one correct answer for each item. When you have completed the exercise, check your 
answers with the answer key that follows. If you answer any item incorrectly, review that part 
of the lesson which contains the portion involved. 

1. What is the speed of radio waves? 

A. 186,000 miles per second. 
B. 186,000,000 miles per second. 
C. 300,000 miles per second. 
D. 302,808 miles per second. 

2. The frequency range of the VLF band is--

A. .03 to 3 MHz. 
B. below .03 MHz or below 30kHz. 
C. 30 to 300 MHz. 
D. above 3 MHz. 

3. Which of the following will not reflect radio energy? 

A. Sea water. 
B. Fresh water. 
C. Jungle. 
D. Metal buildings. 

4. Refraction is--

A. radio energy entering and leaving a layer at the same angle. 

11 
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B. similar to radio energy striking a mirror. 
C. similar to disfraction. 
D. radio energy bending upon entering a ionospheric layer and returning to earth. 

5. Which is the worst terrain feature to locate an antenna? 

A. Sea water. 
B. Wet soil. 
C. Desert. 
D. Jungle. 

Learning Event 2: SKYW AVES. 

1. Early radio communication was thought to be impossible over long distances. The reasoning, local terrain 
would absorb the radio signal. When trans-atlantic communication was accomplished, this opened up new 
questions. If the surface wave was limited, then how did communication take place? The conclusion made was 
that the earth was surrounded by something other than air. Two men, one an Englishman the other an American, 
suggested that a electrified layer above the earth reflected radio signals. Later experiments showed that more 
than one layer existed. 

2. Fonnation ofthe Ionosphere: As shown in !Jgt,IT~;:; the earth's atmosphere extends up to a distance of250 
mi les. The level of ionization increases with height. The sun's rays combined with cosmic rays ionize these 
layers. 

a. Ionization. The bombardment by the sun and ultraviolet rays charge the atoms in these layers. This action i5 
called ionization. 

b. Recombination. As the sun goes down and the intensity of the ultraviolet rays decreases, the ionization of 
the layers decreases. Just before sunrise, ionization is at its lowest point. 

c. Source of ionization - the sun. The earth and the sun are composed of the same basic elements. The violent 
state of these elements on the sun keeps it in a constant of state of molten or gaseous condition. 

There is only one principal ionized layer at night. 

12 
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IONOSPHERE STORMS 

VARIES fROM 150 
10 .250MILES 

Figure 8. 

Definition: Any marked or sudden deviation from normal conditions of height or frequency. 

Effect: Normally reliable frequency may become useless. Signal may weaken or "blackout". 

Duration: Several minutes to several weeks. Tendency to repeat every 27 days as the sun rotates. 

Ionosphere storms usually originate in North and South Polar Regions. 

Figure 9. 
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Figure 10. Solar eruption. 

(1) Eruptions on the surface of the sun shoot hot gases from its surface up to a half million miles away. Spots 
of intense ultraviolet radiation are another disturbance noted. These spots are referred to as sunspots. 

(2) The number of sunspots vary from year to year. The minimum to maximum sunspot cycle takes about 
11 .1 years. During periods of high sunspot activity, higher frequencies are usable. During low sunspot activity, 
lower frequencies must be used. 

Figure 11. Sunspots. 

14 
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(3) Dellinger fade. When the sun produces bright visible flares, the effect is felt immediately in the various 
ionospheric layers. Absorption of most radio frequencies is noted during this period. It is called the Dellinger 
fade. The lower frequencies are affected to a lesser degree. 

3. Ionosphere Layers or Regions. There are four layers in the ionosphere. They called the D, E, Fl, and F2 
layers. All four layers are present during the daytime. At night, the Fl and F2 layers thin out and tend to merge 
into one layer - the F layer. The D and E layers disappear at night. These layers have less ionization. After the 
sun sets, recombination occurs and the layers disappear. The number of layers, their height, and level of 
ionization fluctuates . The ionization changes hour by hour, day by day, month by month, season by season, and 
year by year. 

FR OM SUN 

Figure 12. Layers of the ionosphere. 

a. D Layer. The D layer is approximately 30 to 55 miles above the earth. This layer has the least ionization and 
therefore has the lease effect on radio frequencies. It is present during the day only. The height varies over the 
eleven year sunspot cycle. The D layer is approximately 6 miles thick. 

b. E Layer. TheE layer is approximately 55 to 90 miles above the earth. TheE layer reflects radio frequencie~ 

up to about 20 MHz. The maximum one hop range ofthe E layer is 1,500 miles. This layer is present only 
during the day. The height of the layer varies during the eleven year sunspot cycle. The E layer is approximate!~/ 

15 miles thick. 

c. F Layer. The F layer is from 90 to 240 miles above the earth. The F layer is present only at night. This layer 
is created when the F I and F2 merge. Because it is the most ionized, recombination takes place more slowly. 
The height varies over the course of the eleven year sunspot cycle. 

d. Fl and F2 Layers. During the daylight hours, the Fl layer has a height of approximately 90 miles and is 
approximately 12 miles thick. The F2 layer has a height of approximately 160 to 220 miles and is 
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approximately 15 miles thick. The F2 layer, being the closest to the sun, has the most ionization. The height of 
both layers varies over the eleven year cycle of sunspot activity. 

e. Other layers. Other layers or clouds appear from time to time over the eleven year sunspot cycle. These 
layers appear near theE layer. Together, they are called the Sporadic E layer. 

.,.. !i MH:rWA\IE 
_,"' NOT AEFRACTEO 

Figure 13. Effect of frequency on the critical angle. 

Figure 14. Relationship between skip zone, skip distance, and ground wave. 

4. Characteristics of the Ionosphere. 
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Critical frequency. Layer height will determine how far a radio transmission travels. In addition, the higher the 
frequency the greater the density of ionization that is required to reflect the signal back to the earth. The F2 
layer will reflect higher frequencies than the Fllayer. The same will hold true for the Fl layer as compared to 
theE layer. The D layer will reflect frequencies below approximately 500kHz. For each layer there is a 
maximum frequency which is refracted, but higher frequencies are not. This is called the critical frequency. 
Frequencies higher than the critical frequency will pass through the layer and will not be refracted. As a radio 
wave passes through a layer, it is partially absorbed. 1 · !.!.urc J :'\ shows different frequencies striking different 
layers. Some will be returned, others will pass through. All frequencies below the critical frequency are 
refracted. Frequencies above the critical frequency pass through the layers. 

t \ 
J J l 
t r t 
~~ WAVf.SAT J \ 

' CflrTlCAl t t I fRE:OUENClES • l 

r ~ ~ \ 

IJ ' I i l t 

' ' ' ' 
Figure 15. Critical frequencies. 

5. Regular Variations of Ionosphere. 

WAVE ABOVE 
CRrTICAt 

fREQU£NC'I' 

a. General. The ionospheric layers exist because of the sun's activity. The sun's state of activity will determine, 
among other things, the critical frequency for each ionospheric layer. 
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SUNSPOT CYCLE VARIATION 
THE PERIOD FROM ONE 
SUNSPOT MAAIMUM TO 
THE NEXT lS ABOUT 11 
YEAAS 

-- M!.NrMUM 

Figure 16. 
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Table 4. Regular Variations of Ionosphere. 
4! of varication 

Diurnd (vni.niD~[ F l.tyer; l!t:.i&ht and I 
vil:h haur of f dta.Jlty dec:rc:.lt •t I 
da1). I lli&.ht, tnt:r~aac I 

I • fter cUlo"U. During I 
J day, l•yer .spltu I 
1 iato -- (1) Fl i 
I hyer: De.naity r 
l foll~ v~rtical I 
I a:u~le of eu:a; (2) I 
l r2 l•Ye~• Neigbt I 
I incrcaaea until I 
I •ldcl.ay, d~ity I 
J increase~ until , 
I lat~r in day. I 
• E layer; Heisbt I 
I .approxi .. t.ely I 
t con1U1ot, dcndty I 
l follo~s vertjcal I 
t U&le or aun. I 
I P~a~t!callJ no~- 1 
I exiaLent ~t nisbt. ' 
I D lay~.r: A~peUII r 
I .t:ter da~m, dcn.tity I 
I follOW5 vertic~! I 
I a11aie of ,Wl, I 
I diu;-,Peora at ni&ht.l 

Skip distance vari es in 
1- to 30-KR~ r•nse . 
Abaorpt!o~ i~crt••es 
d11ricg day. 

Seuoud. •••••••••• l F2 byn: Vertical I· 11UF'a (uxi..a'!JII 11u.ble 
I ~ei&bta iQcrease I frtqutocJea), ,eDCrally 
J 1:ru.tl1 ia •u-cc, J :rt~ac.b hiahcr lrldliay 
I dcc:rcaac iD lli.ater. • nlues .i4 viater bat 
t Ionization density I a.int.iD hi&h values 
I pea~ earlier and r later iQto· aftcrnoo:u 
I .renfu:' bi~r vdau:l !n JH~r. Pz:ecWm 
I iD v1nte~. Hln~ I dip 1n HUF'a reaches 
f predawn ckciitJ I lower valu~ in wintcc. 
t reu:b.ea l~toter: value I I.e•• absolFUon 
I ln winter. I encountere4 in wi~tcr~ 
r j 
f r1, E and 0 layers: l 
I Reach loweE" IINid~W~~~ I 
I dc~ities ia Wiater I 
I .Oatb$. l 

11-yeat naa~t I Layer denaity f 
cycle ••••••.••••• J incrtil~s .nd l 

I dene.aae• in <~~c:r~:rd J 
I with IIIIDip.ot I 

.activtty laaxi~uq, 
1982 ; lliDi.slJ.D 
1986. 

I 
1 
I 
I 
I 
I 

Hlsber critic•l frequeo
cie~ durin& ye.rt of 
a.ax.iaua 1Wl.$pot act.ivi
vLty. JfllF v~datio11: 

::;un.spot ma.x: tl-4~ Mz:; 
sunspot aln: 4-12 HKz 

~ llJe: high~l" fl:~quencies 
I 4uriaJ dayt lower 
I {requ~d.el at. night.. 
I 
J 
( 
f 
J 
I 
! 
l 
I 
I 
I 
I 
I 
I 
I 
j 
i 
I 
I 
I 
I 
I 
I 

• ' , I 
I 
I 

Pr(lvide greaur 
spr-ead bct\lcen 
ni&htti~ an4 
~yt~ op~~atfo& 
!rcqucn.ci ea ill 
wiater tilara i n 

I -~~. 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Provide !or biaher 
~eraUn.a fre .. 
qllenciu to be 
ua:d durins per.i.o-d~a 

} <~l 5Ull.lpot;· 

{ ~xiau. and lover 
I f requeP-Ciea for 
I u:se during 
I ainiAUII, 
I 

21-d~y (sunspot) .• Recurr~oce o£ SID's I 
(audden ionospheric I 
disLurbances) and I 
ionospheric storas I 
at 27-day intervals . ! 
Ditturbed condi~ionst 
Itequ~ntly .ay be I 
identi fied with I 
particularly .active I 
sun~pots whose I 

See effects of SID's and 
ionospheric: 11tonn in 
table V. 

I See coapensUion 
I for SlD'c aDd 
I ionospheric eto~• 
I in uble V. 

radiations are I 
directed toward the I 
earth e very 27 d.ttys I 
as the sun rotates . S 
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b. In general, because of the variations of ionization during the daytime, higher frequencies can be used. 
During the night, lower frequencies are used. The critical frequency for the F2 layer, which exists only during 
the day, is higher than that of the F layer. At night, the F layer is actually a combination of the Fl and F2 layers. 
It is common for stations in a net not to receive each other with the same signal strength. Layer density varies 
over the circuit path. It is common for one station to hear well and the rest don't. There are times when there is 
only one-way communication because oflayer density variation. The layers vary in thickness from 6 to 75 
miles. 

F2 
!i n 

~~ 
~! 0 0 ...... 
CC> 

:5 

Figure 17. Daily and seasonal variations in ion density. 

c. Seasonal Cycle. As the earth tilts on its axis, the sun rays strike the layers obliquely. This will cause the 
northern half of all layers to be more ionized than the southern half because the northern hemisphere is tilted 
away from the sun. We can also see that there is a difference in layer height during the winter and summer. 

d. Eleven Year Cycle. As stated earlier, the sunspot activity varies over an eleven year period. During a high 
sunspot activity, higher frequencies may be used. Longer distance communication may be also possible because 
of the use of higher frequencies. During low sunspot activity, lower frequencies must be used and shorter 
distance radio circuits can be expected. 

e. Twenty-seven Day Cycle. The sun requires 27 days to rotate around its axis. While rotating, sun exposes 
different sunspot concentrations. This variation affects the layers, sometimes making F2 predictions difficult. 

SINGLE HOP TRANSMISSION 

Distance AB less than 2500 miles ( 4000 KM). 
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SINGlE liOP TRANSMISSION 

Dis!.illlCe AB less lhMI 2500 mi!ll$ (4000 I<M) 
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Figure 18a. 

MULTIPLE HOP TRANSMISSION 

Distance AB more than 2500 miles (4000 KM). 

MULT1PLE HOPTRANSMISSlON 
Distance AB mere than 2500 miles (4000 KM) 

Figure 18b. 

21 



From The N3UJJ.COM Document LibraryFrom The N3UJJ.COM Document Library

SEAWATER IS 
THE . 

BEST SURFACE 

t 
f 
I 
~ GROUND WAVE COVERAGE 

Figure 19. 

tADINGMAV 
OCCUR DUE TO 

COMBINED WAVES 

IN THE HF BAND Higher frequencies are bent less, that is, higher frequencies have more penetrating 
power. 
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Figure 20. 

6. Irregular Variation of Ionosphere. 

a. In addition to the regular variation of the ionosphere, there are temporary effects. Some of these are 

Sporadic E, sudden ionospheric disturbance (Dellinger fade), ionosphere storms and scattered reflections. 

b. Sporadic E. The Sporadic E is a temporary phenomenon. It consists of an ionized cloud at a slightly higher 

height than the nonnal E layer. Why it appears and what causes it to move is unknown. It will reflect 

frequencies from 1.5 to 15 MHz. Its s appearance is frequent, especially in the middle latitudes. Not all stations 

in a net may experience the Sporadic E reflection. 

c. Sudden Ionospheric Disturbance or Dellinger Fade. Ionization from a violent solar eruption travels down to 

the D layer. This causes an almost total absorption of all frequencies, above 1 MHz. This disturbance is called 

SID or Dellinger fade. This blackout of radio communication may last from a few minutes to several hours. 

d. Ionospheric Storms. An ionospheric storm is caused by a severe disturbance of the ionospheric layers. The 

levels of ionization of the layers thin out, making reflections frequencies above 1.5 MHz difficult. Lower 

working frequencies are in order. These storms may last several hours to several days. These storms are caused 

by particle radiation from the sun. The storms will start normally after a sunspot group crosses the center of the 

sun. 
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e. Scattered Reflections. Another irregular variation is the rapid change of ionization with height. A radio 
signal may be reflected by more than one layer. The received signal may arrive from several directions which 
will cause flutter fading. 

7. Ionospheric Predictions. By the sounding of the ionosphere, predictions are possible. Long range forecasting 
can predict the optimum working frequency, maximum useful frequency, and lowest useful frequency. 

Figure 21. Bright solar eruption. 
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HIGHER LAYER 

RECEMNG 
ANTENNA 

Figure 22. Scattering of signal components of radio wave. 

8. Sky Wave Propagation. Sky wave propagation is the reflection of radio waves from the various ionospheric 
layers. 

Sky wave Propagation offers long range communication with very little power required. The most difficult 
question regarding sky wave propagation is what frequency to use. The HF (3-30 MHz) band uses ionospheric 
reflection most effectively. 

a. Sky Wave Transmission Path. .~' indicates the many varied paths a radio signal may take from the 
transmitter to the receiver. Notice that a receiving station located in the skip zone would receive no signal. 
Through proper frequency selection, antenna and antenna height determination, there will never be a skip zone. 
Notice also that from the point the radio signal leaves the transmitter to the point it contacts the earth is called 
the skip distance. 
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Figure 23. 

1HI51 ""'" ..,...K:W R.f IVR"" fO 
t&alH 1'1!0\1'01 <D ...... UNlc;AUQif!'. 

( 1) Sky wave modes. The distance the sky wave signal travels before it returns to earth depends upon the 
ionospheric layer used. When the signal strikes the earth, part of the signal is absorbed. The rest is reflected 
back to the ionosphere. This is repeated until the signal is too weak to be reflected either by the ionosphere or 
the earth. This is called a multi-hop transmission. 

(2) Frequency. The problem as to what frequency to use is not an easy one to solve. As mentioned earlier, 
the higher the frequency, the higher the ionospheric density required to return the frequency to earth. r igJJl~ 28 
shows radio signals of several frequencies. Some are returned while others are not. The 5 and 20 MHz signals 
are returned, while the 100 MHz signal is not. Notice that the 20 MHz signal travels further. While this may 
hold true for day time communication, it might not be true at night. 

b. Maximum Usable Frequency (MUF). 

(1) See [j:..:u_re 23 . For a given distance, there is a frequency in which any further increase in frequency will 
result in no communication. In other words, the station located in the skip zone does not receive a signal. The 
highest frequency that can be used between two points is the maximum usable frequency. As the distance 
increases the MUF increases. 

(2) Care must be taken in selecting the frequency. Too high- it passes through the ionosphere or overshoots 
the receiver. Too low and it will be absorbed by either an ionospheric layer or the earth. 
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IONOSPHERE 

Figure 24. Average layer distribution of the ionosphere. 

SKY WAVE 

-----------SKIP DISTANCE 

Figure 25. Skip zone. 
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Figure 26. 

f2 

0 

Figure 27. Relating reflected waves to distances along earth's surface. 
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100 f.tC 

Figure 28. Frequency versus distance for returned waves. 

c. Lowest Usable Frequency (LUF). For a given distance, there is also a frequency which will be returned and 
which any further decrease in frequency will result in no communication. The decrease in frequency results in 
having all lower frequencies absorbed by the ionosphere or the earth. This is called the LUF. 

d. Optimum Working Frequency (FOT). The frequency we select should be a compromise between the MUF 
and the LUF. With the fluctuations of the ionosphere, communication might not be possible using the MUF or 
LUF. We therefore choose a frequency that is lower than the MUF and higher than the LUF. This frequency is 
refen·ed to as the FOT. 

e. Signal Strength. There are several factors that affect the received signal strength. The orientatior. of the 
transmitting antenna, if possible, should be broadside to the direction of the receiving station (s) . Likewise, the 
receiving antenna should be broadside to the transmitting station(s). As the radio signal passes through the 
layers, partial absorption takes place. Part ofthe signal is also lost when the signal is reflected from the earth. 
Fading is the rapid fluctuations of ionization of the layers, causing the signal to reflect off different layers. 

-·-----------·- ---------
Instructions The following items will test your understanding of the material covered in this lesson. There 

is only one correct answer for each item. When you have completed the exercise, check your 
answers with the answer key that follows. If you answer any item incorrectly, review that part 
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of the lesson which contains the portion involved. 

---- ------ ----------· 
1. The direct wave uses--

A. ionosphere. 
B. troposphere. 
C. atmosphere. 
D. none of the above. 

2. A maximum sunspot number--

A. means you can use higher frequencies. 
B. means you can use lower frequencies. 
C. has no effect on frequency selection. 
D. means a longer direct wave. 

3. A sunspot cycle is--

A. 4 years. 
B. 8 years. 
C. 11 years. 
D. 15 years. 

4. The 27-day cycle relates to--

A. moon's rotation. 
B. earth's rotation. 
C. frequency rotation. 
D. sun's rotation. 

5. To be refracted higher frequencies--

A. requires less ionization. 
B. requires more ionization. 
C. requires the use of the atmosphere. 
D. requires the use of the stratosphere. 

·--·- - ·---· 

LESSON 2 
CALCULATE ANTENNA LENGTH 

TASK: Calculate antenna length, and identify antenna properties. 
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CONDITIONS: Given this lesson material, pencil, paper and without supervision. 

STANDARDS: Demonstrate competency of the task skills and knowledge by correctly responding to 70 
percent of the multiple-choice test covering calculating antenna length and identifying 
antenna properties. 

Learning Event 1: CHARACTERISTICS OF ANTENNAS. 

Half-Wave and Quarter-Wave Antennas 

1. Basic Theory. 

a. The antenna is part of the electrical circuit of the transmitter and receiver. As mentioned earlier, radio 
waves travel in free space at 300,000,000 meters per second. Our antenna is not in free space but erected over 
and near terrain features which affect antenna length. For that reason, the physical length of the antenna is 
shorter than the electrical length. 

•b. There are several factors which cause the antenna to be physically shorter. As the diameter of the antenna 
wire increases, the velocity or speed of the radio waves is slowed, decreasing antenna length . .5.-=:u:l~-~.II~'-£: . 
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Figure 29. Effect of antenna circumference on wave velocity. 

• c. Another factor that affects antenna length is the feed line that connects the transmitter to the antenna. The 
insulators also affect antenna length. This is called end effect and is compensated by making the antenna 5 
percent shorter. Thus to find antenna length you use the formula 

• = number ofhalfwaves 
N 

L .95(492/F) or said another way L = N-.05(492)/F 
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L = 468/F (F = frequency in megahertz) 

•d. The half-wave antenna is the shortest antenna that a transmitter will load efficiently. This is called a 
resonant antenna. Resonant means that the electrical length matches or equals the physical length of the 
antenna. The purpose of the antenna is to radiate as much of the power ofthe transmitter as possible. 

• e. Impedance. Half-wave antennas fed in the center have an impedance of73 ohms. Half-wave antennas fed at 
the end have an impedance of 2500 ohms. Off-center fed antennas nonnally have an impedance of 500 to 600 
ohms. 

.... ........... 
..... ....... ---

~14-------~--------~1 
Figure 30. Impedance along half-wave antenna. 

SWR (standing wave ratio). Radio energy travels on a correctly cut antenna in sine waves ~consisting of 
voltage and current. When the antenna is the proper length the sine wave begins at one end of the antenna and 
ends at the other end of the antenna. When the antenna is not the proper length, too short or too long, the sine 
wave doesn't match the antenna length, causing standing waves, or reflected waves. High SWR could result in 
no radiated energy. It also causes RF feed back, radio energy backing up making components, mikes, key, etc., 
hot to the touch. SWR reading should be less than 1.5 to 1, but SWR reading up to 3 to I will work. 

TRANSMISSION LINES 

Introduction. 

A transmission line is used to carry the RF energy from the transmitter to the antenna. There are times when the 
antenna is connected directly to the transmitter. Normally, however, the antenna is located some distance away 
from the transmitter. The transmission line should transfer the power with the least possible loss. 

•C 1) Transmission lines dissipate power in three ways: 

•Ca) Radiation. The transmission line radiates like an antenna, especially if its length matches the antenna. 

•Cb) Heating. Any current flow results in heat. The greater the power the more heat is produced. To reduce skir. 
effect, the cross sectional area of the center conductor is increased. 
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•Cc) Reflection. Radio energy emitted by the transmitter goes to the antenna in what we call traveling waves. If 
there is no load (antenna), the traveling waves are stopped abruptly. This causes the waves to be refl cted back 
to the transmitter causing loss. 

•(2) Types oftransmission lines. 

•Ca) Single wire line. This is the simplest type of transmission line- a single wire connected to the antenna with 
the earth acting as the return path. Since there is only one conductor, the line is considered to be unbalanced. 
The disadvantage is that the line radiates much like an antenna, causing high line loss, because of no return 
path. The other disadvantage is that because of no return path, it is difficult to match the line to the antenna. An 
antenna tuning unit is required to match the transmitter to the line and antenna. However, there are times when 
the advantages of easy installation far outweigh the disadvantages. Some transmitters are broad enough to load 
across many types of transmission lines and antennas. 

•Cb) Twisted pair. Two insulated wires (WD-1) can be used as a transmission line. It offers easy installation, 
but has high loss and should not be used above 15 MHz. 

• (c) Coaxial lines. When one conductor is placed inside the other separated by foam or plastic it transfers the 
RF power to the antenna with a minimum ofloss. There is some loss as the frequency is increased. To offset 
thi s, the cross sectional area of the center conductor is increased. This is the best transmission line to use, 
because it has the least power loss. 

BASIC FEEDER SYSTEMS 

Introduction. 

The transmission line transfers the RF power from the transmitter to the antenna. There are two general types o ' 
transmission lines: resonant (tuned) and nonresonant (untuned). 

•Ca) Resonant feeder line is the same length as the antenna. It is rarely used in tactical applications. 

•Cb) A nonresonant transmission line is one that has an SWR ofless than 1.5. In order to achieve this, the 
impedance of the antenna and the transmission line must match. An antenna tuning unit is used in some 
applications to match the transmitter to the line and antenna. 

•C I) Single-wire feed. A single wire can be used as a nonresonant feed line. Because the impedance of a single
wire feed is 500 to 600 ohms, a point on the half-wave antenna must be selected that will match the impedance 
of the line. The antenna impedance varies from 2500 at the end to about 73 ohms in the center. A point 14 
percent from the center of the antenna will provide the 500 to 600 ohms required (A of _kl.£~ 31 ). To reduce 
radiation or coupling make sure the single-wire feed is at right angles to the antenna. A good electrical ground 
connection is also required to provide a return path to the transmitter. 

•(2) Twisted-pair feed . WD-1 can be used in an emergency to provide a feed line from the transmitter to the 
antenna (B of fi~hll.,_'_}J ). The impedance requirement of a twisted pair is 70 to 80 ohms. The center of the half 
wave antenna provides that impedance. This type of feed should be used only as a last resort because of the ver:·: 
high power loss. 
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A 8 
Figure 31. Single-wire and twisted-pair feed systems. 

•(3) Coaxial line feed. A coaxial feed provides a two conductor line which offers the least line loss of all 
practical field feed systems. 

BASIC RADIATION PATTERNS 

Introduction. 

An antenna radiates energy in a particular pattern in free space. It is useful to examine these radiatio patterns. 
It is possible to design an antenna system to provide us with the best possible communication. 

( l) Radiation types and patterns. 

•(a) An example of a source that radiates in all directions is the sun. This type of radiator is called an isotropic 
radiator. If we could measure the sun's radiation as we move around it in a circle, we would find it was the same 
all along the circle. 
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Figure 32. The sun as an isotropic source of radiation. 

•(b) Another type of radiator is called anisotropic. An example is a flashlight. The light beam radiates only a 
small portion of the total space around the flashlight. If we move in a circle around the flashlight, we find the 
level goes from zero to maximum then back to zero again. 
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Figure 33. Flashlight as anistropic source of radiation. 

•(2) Dipole antenna radiation. 

•Ca) The terms dipole and doublet are used interchangeably. Both are used to indicate a basic half-wave 
antenna. 

•Cb) Radiation pattern of a doublet. The doublet is the simplest form of an antenna. The radiation pattern is 
similar to the flashlight. See t~ 14. There is a vertical as well as a horizontal radiation pattern. As you can 
see, the pattern is in the fonn of a doughnut. Whether it is seen from the side or from the top, the pattern is full. 
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Figure 34. Development of vertical and horizontal plane polar patterns from solid radiation pattern. 

•Cc) By looking at f[gu..::_}_~, you can see that the antenna can be mounted either vertically or horizontally. The 
radiation patterns are similar. The difference is that a horizontal antenna radiates horizontally in two directions, 
while a vertical antenna radiates horizontally in all directions. l:jgttt:~,?}{l indicates the beam width and relative 
power patterns. 
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Figure 35. Radiation pattern of dipole (half-wave) antenna. 
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Figure 36. Beam with measured on relative field strength and relative power patterns. 

PRACTICAL HALF-WAVE ANTENNAS 

I . Introduction. 

•a. We have discussed how to calculate a half-wave. Now, let's discuss the patterns half-wave antennas make. 
We have shown in lbl·T~~-:u and . _: , the radiation pattern of an antenna in free space. Since our antennas must 
be erected over earth, the patterns created are different. 

•b. The ground has the greatest effect on the medium and high frequency antennas which are mounted fairly 
close to it in terms of wavelength. 

2. Ground Effects. 

•a. If a horizontal antenna is erected some distance above ground, its radiation pattern is as shown in fjgtfT9}}. 
Notice that some of the energy travels directly to the distant station. Notice also that part of the energy strikes 
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the ground directly in front of the antenna. As we have learned earlier, phase reversal takes place and may 
cancel out the direct wave if the ground-reflected wave and the direct wave arrive at the same time and are out 
of phase. If they arrive in phase, the ground ret1ected wave adds to the direct wave, making it stronger. As the 
height of the antenna is increased, the ground reflected signal either adds to the direct wave or creates a null. 
This action results in a series of radiation lobes. As we have also learned, radio energy goes into the earth be for ~ 

it is reflected. The conductivity of the earth will detennine how deep the signal will penetrate and how much of 
the signal is reflected. 

r~l 
1 = 
" 

~!.-W,.i/{jt~/~0'~2:(@' ""'t'"" ... , . •.> 

A B 
Figure 37. Reflection produced by ground plane. 

3. Ground-Affected Radiation Patterns. 

a. Reflection factor. If we assigned the direct wave a value of 1 and the ground reflected wave a value of 1, 
then the maximum signal we could have would be 2. As we see from ]jgtJT~}0 , there are varying vertical 
angles of maximum and minimum radiation lobes. The number oflobes vary as the height of the antenna above 
ground is increased. 

Looking At The 

Antenna Broadside 
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Figure 38. 

lib. Horizontal half-wave antenna. Let's apply the reflection factor to a horizontal antenna erected at distance 
above ground. Notice 1!£11_;_..: :~.Patterns A, C, E, and G are the vertical radiation patterns. Patterns B, D, F, and 
H are the vertical radiation patterns at right angles to the antenna. JJg~L[~}2 shows a better picture of the 
radiation produced. Both figures 38 and 39 show a half-wave antenna. 
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Figure 39. Solid pattern produced by horizontal half-wave antenna located a half-wavelength above 
ground. 

•c. Notice that in ~3B, as the height is increased from a quarter wave length above ground, the lobe 
divides into two lobes. Notice also that the number of lobes equal the number of quarter waves. At four quarter 
waves or one wave length above ground, there are four lobes. Notice also that for odd quarter wave heights 
above ground the major lobe is at 90 degrees. 

•d. Vertical half-wave antenna. Ground reflection also affects vertical antennas. See fi~}JrC~L'·+O and :H. Notice 
that a vertical antenna erected 1 quarter wave above ground has two lobes. As the height is increased, the 
number of lobes increases. An antenna 1 wave length in height has 6 lobes. 

A 8 

c D 

Figure 40. Vertical-plane radiation patterns produced by vertical half-wave antennas. 
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Figure 41. Solid patterns produced by vertical half-wave antenna located a half-wavelength above 
ground. 

•e. It now can be seen that the ground reflection factor and the antenna height play a major role in the radiation 
of radio energy. In later sections we will see that we can select a particular antenna height for a certain distance 
of transmission. For example, for short distances the antenna height should be less than a quarter wave. For long 
distance communication, the antenna should be a half wave or more in height. We can improve the ground 
reflection through the use of a counterpoise or radial ground. This increases the conductivity of the eatih and 
lessens the energy lost going into the earth. 

4. Changes in Radiation Resistance. 

•a. The radiation resistance at the center of a half-wave horizontal antenna erected in free space is 73 ohms. 
The actual resistance of the same antenna erected over varying ground conductivity and heights is zero to 
approximately 100 ohms. 

•b. See l·!gtlr~ 4_::.: . The change in resistance occurs because of the ground reflected wave. It occurs in the 
following manner: Let's say that a given power is applied to an antenna in free space. The radiation resistance i 
73 ohms because there was no ground reflection. But, suppose that the same antenna is erected at a given 
distance above the ground. The ground reflects part of the energy back to the antenna, adding to the existing 
current and lowering the resistance. It is assumed that the ground reflected wave was in phase with t e direct 
wave; therefore, adding to the original current. If the two waves are not in phase, the overall current is less, 
resulting in a higher radiation resistance. 
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Figure 42. 

•c. The change in radiation resistance of a vertical half-wave antenna is much less than that of a horizontal 
antenna. The maximum resistance is 100 ohms at the center of the antenna at a height of a quarter-wave above 
ground. It decreases to about 70 ohms at a height of a half-wave length. 

5. Effects ofPractical Grounds. 

•a. Up to this point we have discussed the reflection factor over a uniform high conducting ground. As we can 
see from !_a!iJC.J~ , the conductivity varies over different types of ground. How does this affect a reflected signal? 
Instead of having a maximum reflection factor of2 (1 from the direct wave and 1 from the ground reflected 
wave), we might have the direct wave only. This could occur if the antenna was erected over a poor conducting 
ground. In addition, incomplete nulls might be produced. This would happen if the reflected wave was in phase 
with the direct wave and both waves not of equal amplitude. Also, the reflected wave could be absorbed by the 
earth. 

Table 6. Ground Material Conductivity. 

Ground mater~al I Relat1ve 
I conductivity 

Sea water . .................... I 
Flat, rich soil .•............. l 
Average xlat soil ......•...... ! 
Fresh water lakes .... ......... I 
Rocky hills . .................. I 
Dry, sandy, flat soil. ........ I 
City residential area ......... I 
City industrial area ......•... I 

I 

4,500 
15 

7 
6 
2 
2 
2 
l 

•b. Frequency effects. Not only does the ground affect the radiation pattern, it has a pronounced effect on 
ce1iain frequencies. At low and medium frequencies, the radio waves go into the earth to a depth of about 50 
feet. The lower the conductivity, the further the wave goes into the earth. At high frequencies, the wave 
penetrates to a depth of about 5 to 10 feet. Ground absorption is considerable for takeoff angles below 12 
degrees. As the frequency is increased, the ground reflected wave is further absorbed until only the direct wave 
is left. The radiation resistance over imperfect ground is less than it is over a good conducting ground. 

•c. Antenna height. The question of how high an antenna actually is above ground is not an easy one to answer. 
Since the wave goes into the earth, it is difficult to determine the true height of an antenna. We can make any 
ground a better reflecting conductor by using a counterpoise or radial ground, to create a definite starting point. 
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6. Polarization. 

•a. The band of frequencies we use will determine the best polarization. At low and medium frequencies, 
vertical polarization should be used. This will take advantage of the surface wave which travels vertically. A 
horizontal antenna has a horizontal wave that will be short-circuited and will travel less than a vertical wave at 
the same frequency. The disadvantage of using a vertical antenna at these frequencies is that a sky hook will 
have to be used to hold the antenna up. For example, a 2 MHz antenna that is a quarter wave long is 117 feet. It 
would not be possible to erect a practical field antenna 117 feet high. We, therefore, would be forced to use a 
horizontal antenna. We would be forced to make a compromise - like it or not. At frequencies above 3 MHz, the 
polarization is immaterial. However, for a sky wave, a horizontal antenna should be used. For a gro nd wave, a 
vertical antenna should be used. The disadvantages of a vertical antenna are that it radiates in all directions. 
Also, if its a whip, a high loss occurs caused by the loading coils trying to compensate for the w ip being too 
short. 

•b. The choice of whether an antenna is vertical or horizontal, in some cases, is out of our hands. If we are 
mobile or mobile at a halt, obviously, the only choice is a vertical antenna. Likewise, if we are in a jungle area, 
our choice must be horizontal. A desert or arctic location also presents a challenge of how to install a mast 
section to support a horizontal antenna. In most cases, most of our nets are of short distance (0 to 35 miles). 
This makes communication difficult because you can't communicate by ground wave only, nor can you 
communicate by sky wave only, especially if the antenna is a whip. For short distance sky wave a horizontal 
antenna should be used erected a quarter wave or lower above ground. Lower antenna heights can be used with 
some degradation of the transmitted signal. If a whip is used for sky wave then it should be bent at a 45° angle. 

Instructions The following items will test your understanding of the material covered in this lesson. There 
is only one correct answer for each item. When you have completed the exercise, check your 
answers with the answer key that follows . If you answer any item incorrectly, review that part 
of the lesson which contains the portion involved. 

1. Which of the following affect the physical length of an antenna? 

A. Terrain features. 
B. Wire cross section. 
C. Insulators. 
D. All the above. 

2. The most efficient antenna length is--

A. eighth of a wave. 
B. quarter of a wave. 
C. half a wave. 
D. one wave. 

3. SWR is caused--

A. by an antenna cut to proper length. 
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B. terrain features. 
C. ground conductivity. 
D. by an incorrect antenna length. 

4. Which of the following makes the best feed line? 

A. Twisted pair. 
B. TV lead in. 
C. Single wire. 
D. Coax. 

Learning Event 2: COMMON ANTENNAS. 

HORIZONTAL ANTENNAS 

1. Doublet. The doublet antenna is the most common HF antenna used by the military. The doublet usually 
comes in kit form. The kit consists of either wire on a reel or metal tape on a reel. A coax is the feed line. Forty 
foot mast section kits are also used with the kit. As shown in Jlgll.r~-+3, when the antenna is longer than 120 
feet, a third mast section should be used to prevent sag. As shown in [lg.u:~--±1 , a counterpoise may be used. The 
purpose of the counterpoise is to prevent the ground reflected wave from being absorbed. The signal strength of 
the radiated signal will be improved if a counterpoise is used. A counterpoise (see Jjgttr(' 1~) is an artificial 
reflecting surface used to reflect the reflected wave. This adds to the direct wave making the transmitted signal 
stronger. A counterpoise can also make communication worse if connected to the equipment ground. Always 
try communicating first without the counterpoise attached to the equipment ground. Then try with it attached to 
the equipment ground. Use whichever is best. The tem1s doublet and dipole antennas are used interchangeably. 
The maximum radiation is at right angles to the antenna. 
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Figure 43. A Typical Doublet. 
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Figure 44. Doublet for path of 100 miles or less, showing use and placement of counterpoise. 

2. The 14 percent off-center fed antenna. The antenna is a wire which is a half wave in length. The feed line is 
single wire attached to the antenna 14 percent from the center. A counterpoise may be used to reduce the 
absorption of the ground reflected wave. The transmission line should be at right angles to the antenna to reduce 
radiation and coupling back to the antenna. See ligul\~ __ 45. The radiation resistance is 500 to 600 ohms. Your 
transmitter would need an antenna tuning unit to load this antenna, or the transmitter would have to have the 
capability of loading antennas over a wide impedance range. Because of the single wire feed this antenna has a 
high power loss. 

------- !l:r ..- ... ......, ___ 

ANTENNA 

pOST"' 

.. -14% 

TRMSMISSION tiNE 

·v ~ 
'~·~. - ~ . ' 

:: ·r: 

Figure 45. Fourteen percent off-center fed antenna. 

3. The inverted L antenna. The inverted L antenna (!jgqr~?49, 5{)) is a half wave or a quarter wave in length. It 
is end fed . It uses a single wire feed that can be a quarter wave in length, or may be connected directly to the 
whip binding post. The impedance of an inverted Lis 2500 ohms. An antenna tuning unit is needed to load this 
antenna, or the transmitter must be able to load antennas over a wide impedance range. A counterpoise may be 
used to reduce ground absorption. The counterpoise should be 3 to 4 inches above ground using tent pegs. 
However, the antenna will perform without the counterpoise. The counterpoise ensures that the ground reflected 
wave is not absorbed but adds to the direct wave. 
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COUNTERPOISE 

RADIO ... 
Figure 46. Inverted "L" antenna. 

Gf!OUNO POST 

Figure 47. 

4. The slant-wire antenna. The slant-wire antenna (I'il!~tr:s?~J8 , 4l~) is two quarter-wave lengths of wire. The 
impedance is 73 ohms. A quarter wave counterpoise may be used. The direction of radiation is in the direction 
of the counterpoise. This is the best compromise antenna to make use ofboth the ground wave and sky wave. 
The terms slant wire and sloping wire antennas are used interchangeably. 
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DlRECTlON Of MAXIMUM RADIATION 

Figure 48. 

Antenna has to be a quarter-wave in length. 
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Figure 49. 
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Figure 57. Radiation pattern produced by a grounded quarter-wave antenna. 

j Radiation II Raaiat.ion · 
Antenna. lengths l resistance II Antenna lengths resistance 

I (ohms) II (wavelengths} (ohms) 

0.30 ..................... 1 60 II 0.15 .................. 1 9 
0.25 ....................... , 36 I I 0.10 ......... ~·····1 2 
0.20 ... •· ............ -I 20 II o. os . ............... I 1 

•b. In order to decrease the mismatch and the loss, you can make the antenna longer. An antenna slightly less 
than a half wave in length will match the transmitter's 73 ohm output. 

ANTENNA I..ENGTH 

ANTENNA lENGTH 

'/ 

c 

ANTEMNA lENGTH 

ANTEl4NA t'ENGTH 

'/ 

0 

Figure 58. Vertical-radiation patterns produced by grounded vertical antennas of various lengths. 

3. Types of Grounds. 
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•a. It is important that communication equipment be grounded. The equipment ground is a safety m asure that 
shunts a potential electrical hazard to earth. The standard ground rod issued with communication equipment 
should be driven into the earth and then attached to the shelter or equipment. When operating in a building, a 
cold water pipe may be substituted for the ground rod connection. 

•b. Sometimes it is difficult to get a good ground, connection especially in sandy locations. Then you must treat 
the soil with common table salt and water or coal dust and water. The area must be retreated periodically in 
order to maintain a good ground connection. 

•c. A method of obtaining an artificial reflecting surface is through the use of a radial ground system. The 
purpose of the radial is to reflect the ground reflected wave and to add to the direct wave. The radial ground 
system is an artificial ground or reflecting surface used to compensate for the poor conduction quality of the 
soil. The most common radial ground system is 36 lengths of wire a tenth to a half-wave in length buried 6 to 8 
inches and connected to a ground rod. 

Figure 59. Ground system for vertical antennas. 

d. Still another method of obtaining an artificial reflecting surface is the use of a counterpoise. The 
counterpoise is elevated above ground several inches. The counterpoise could be a single wire or several wires, 
but must be the same length as the antenna. Otherwise, the size and shape is immaterial. 

•e. A radial or counterpoise forms an artificial ground to reflect the ground reflected wave. They are useful for 
ground or sky wave communication. A grounded vertical should always use a counterpoise or radial ground 
system. A horizontal antenna doesn't require a ground system near as much as a vertical antenna. The 
equipment has its own electrical ground. Before a radial or counterpoise is grounded to the equipment ground, , 
test communication should be made. Then, hook the radial or counterpoise to the equipment ground and check 
the results. Sometimes, hooking the radial or counterpoise to the equipment ground makes communication 
worse. Be sure to check communications with and without a ground system. Remember that all antennas will 
work without a radial or counterpoise system. In all cases, the equipment must be grounded. 
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SUP~ORT--

Figure 60. Wire counterpoises. 
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Figure 61. Vertical quarter-wave antenna. 
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4. Bent Antennas. 

1 TUf'N lOOP---

BAM!lOO 

POlES~'-. 1/<1 

WAVE I..ENGTH 

I 
~ 

WAVE lfNGTH 

Figure 62. Vertical doublet. 

•a. A bent antenna is a compromise antenna when not enough room exists to install a horizontal antenna or 
supports high enough to erect a vertical antenna are not available. 

•b. Inverted L antennas come in varied configurations. One configuration is a half wave. The flattop portion 
could be a quarter wave with a counterpoise as the other quarter wave. See Ji~DJJ:e 62,. Another configuration is 
only a quarter-wave long. The horizontal portion is an eighth wave and the down lead is the other eighth wave. 
The other quarter wave is a ground return, a radial, or a counterpoise may be used. 

Figure 63. Inverted-L military antenna. 

5. Ground Plane Antenna. 

•a. A ground plane antenna is an antenna with a vertical section of a quarter wave in length, and with spokes, 
nonnally three or four in number, each of which is a quarter wave or longer in length. The spokes form the 
artificial ground. The ground plane is used at VHF (30- 300 MHz) and higher frequencies. The ground plane is 
nonnally mounted on top of a mast and is called an elevated ground plane antenna. 
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Figure 64. Typical ground-plane antenna. 
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Figure 65. Jungle antenna (elevated ground-plane). 
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Figure 66. Vertical ground-plane antenna. 
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•b. When maximum radiation is wanted in a horizontal direction, the spokes are tilted down to an angle of 
about 50 degrees. The input impedance of a ground plane is 20 to 25 ohms. When the spokes are bent 
downward, the impedance rises to about 50 ohms. 

•c. Whip antenna. The worst antenna to use is the whip antenna. The term whip in our case means an antenna 
that is 15 feet in length. The only good thing that can be said of a whip is that it is convenient for mobile or 
mobile at a halt situations. We can improve our whip (in the AN/GRC-142) by adding sections to its normall5-
foot length. We should add three more sections (for 2 -12 MHz use) or until our whip approaches a quarter 
wave (234/f) in length. Because the mast base loses some of its rigidity, you may have to guy the whip. The 
reason the whip is so poor is because of the loading coils used to match the transmitter to the antenna. Most of 
the power is consumed doing the matching. 

fLEXIBLE SECTION 
(MAY BE SENT TO 
ANY DESIRED POSITIONt 

/ 
COUPUNG UNIT ------

MASTSECTI , 

MAST BASE 

--------

Figure 67. Typical whip antennas. 

d. When a whip is mounted on a vehicle, the metal of the vehicle affects the radiation pattern. The maximum 
radiation is across the vehicle on the opposite side that the whip is mounted on. See 
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Figure 70. Tying the whip antenna down. 

•f. An important point to remember is that a whip is a poor substitute for a quarter-wave vertical or half-wave 
horizontal antenna. 

6. Long-Wire Antennas. 

•a. Long-wire antennas are antennas that are longer than a half-wave in length. There are two advantages that a 
long-wire antenna has over a half-wave antenna: directivity and gain. In our discussion of long-wire antennas, 
the focus will be on practical antennas for VHF (30 -300 MHz) applications. Antennas that are several 
wavelengths long are not practical for tactical HF (3 to 30 MHz) communications. Antennas several 
wavelengths long at HF frequencies would be several hundred feet in length. 

lib. Antenna gain. Antennas discussed previously develop no gain in any particular direction. They either 
radiate in all directions or radiate in two directions only. A point can be made that a horizontal antenna has gain 
as compared to a vertical antenna. Power to a vertical antenna goes in all directions, while power to a horizonta 
antenna goes in two directions. 

7. Hannonically Operated Antennas in Free Space. 

•a. Calculation of length. We learned earlier that an antenna in free space is longer than an antenna erected over 
ground. The effects of the insulators and the earth made the antenna shorter. The insulators are at the ends of the 
antenna. In order to compensate for the end effect, we must shorten the antenna by 5 percent using the formula 
below. The formula for a harmonic or long-wire antenna is: 
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length= 492(H-.05) = 1QL 

• frequency frequency 

where H equals the number ofhalfwaves. 

•b. Directivity and gain. The gain of a long-wire antenna can be seen from the chart below. As you can see 
there is very little gain until the antenna is six wave lengths long. For each three db gain, its like doubling your 
transmitter's output power. 

f Angle of maxt- t r 
Antenna length I mum radiation I I Antenna length 

I (degrees) 1 1 {'-favelengtbs) 

IAngle of max~
lmum radiation 
l (deqrees) 

I II 

1 . ................ - ' 54 
2 ••••••••.•••.• 1 36 
4 • ................. I 25 
6 . ........... ,. .. I 20 

Antenna length Power gain 
(wavelengths) 

1 .................. 1 1.2 
2: ................ , 1 ... 4 
4 .. ........ ...... ... 1 2.1 
6 . ............... 1 3.1 

1'·1 
II 
ll 
I ( 
I 

f [ 
II 
II 
II 
II 
\ I 
I I 
II 
I 

i 

s .................. I 18 
10 .. ................... I 17 
12 . ............. ... ..... I 16 

Antenna length Power 
.. 

ga;t.n 
(wavelengths) 

8 . ................. J 4.3 
10 ...... "' ... ·• ........ \ S.() 
12 • • II • • " • • • • I 4 • " + l 7.2 

c. In J;gt~t~c~_]L we can see the radiation pattern developed from various harmonic antenna lengths. As the 
number of half waves are increased, the number of lobes are also increased. 
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Figure 71. Radiation patterns of harmonic antennas. 
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8. Nonresonant Antennas. 

An antenna has traveling waves that move up and down the antenna. If we terminate one end of the antenna 
with a resistance, while feeding the other, the waves can travel in one direction only. This is called a 
nonresonant antenna. The radiation is in the direction of the resistance. This type of antenna radiates efficiently 
over a wide range of frequencies. 

9. Half-Rombic Antenna. 

•a. A half-rombic antenna is similar to an inverted V in shape. It radiates in a vertical direction. In fgqr~?~ , 

you see a comparison of two different half-rombics- one terminated, the other not. You can see that the 
advantage of the terminated half-rombic is that its radiation pattern is in one direction only. The lobes that are 
missing in B have combined with the remaining lobes. The terminating resistor is 500 ohms with a power rating 
of one-half the transmitter's RF output. 

A 

B 
Figure 72. Development of radiation pattern of half-rhombic antenna. 

•b. The half-rombic should be at least two wavelengths long at the lowest operating frequency. For example, at 
30 MHz, two wavelengths is approximately 65 feet. A counterpoise is used with a half-rombic antenna to 
reduce ground loss. 
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There are four half waves in two wavelengths. 

1943.40 = 64~ 78 ft 
30 

A more convenient formula for a 2 wavelength half-rombic antenna is--

984(N- .025! ;::: 984 (2 - .0251 = 994 X 1.975 :::: 1943.4 .:: 64.79 !t 
frequency l.n MHz 30 MHz 30 30 

N = Number of full waves 

Because the length is not critical the factor .025 may be dropped, leaving the formula--

984 X 2 = 1968 = 65.6 ft 
30 30 

•c. The half-rombic can be used for frequencies as high as three to four times the lowest frequency. For 
example, a half-rombic cut for 30 MHz should be good at 90 MHz, which is more than enough to cover the 
entire range of our VHF sets. 

Figure 73. Typical military half-rombic antenna. 

10. Near Vertical Incidence Sky-Wave (NVIS). 

The disadvantage of HF communication is that at times it is unreliable as compared to FM communication. 
What one forgets is that even though HF transmitters are often high powered, their most effective frequency 
range (2 to 5 MHz) works against them. If we try to use a whip, most of the RF power is used up by the loading 
coils trying to match the antenna to transmitter. In some cases, the FM set has more effective radiating power 
than the HF set. What to do? To maximize the sky wave, when forced to use a whip, add additional sections (3-
116 for frequencies, 2-12 for AN/GRC-142) so that the length will nearly equal a quarter wave. Bend the 
antenna down until it is at a 45 degree angle. Do not use the extended whip in a vertical position unless our 
stations are within ground wave range (consult ground wave book), because the radiation takeoff angle is too 
low to be effective for short distance sky-wave communication (0 to 100 miles). To be effective, our radiation 
pattern needs to be straight up. The slant or sloping wire antenna will also offer a good compromise short 
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distance sky wave communication. A doublet, 10 to 30 feet high, is the best antenna. Orientation of the antenna 
is immaterial. 

11. Electromagnetic Pulse. 

•a. During a nuclear war, your equipment could be destroyed without your even knowing about it. You and 
your equipment could be hundreds of miles away from the blast area. After a nuclear blast, an electric charge is 
sent out many times stronger than a lightning bolt. The charge travels through space and is attracted to ante1mas 
and power lines. A lightning bolt may have 50,000 volts while a nuclear EMP charge might have 1,000,000 
volts. The bolt follows a path to ground. When we upgraded our equipment from tubes to solid state, we made 
our equipment susceptible to EMP. We have known about this problem since the early sixties, but we have not 
known about what to do from a practical point of view. 

Bb. There is no simple and inexpensive solution to the problem. The Russians on the other hand have decided to 
take a step backward as a solution to the problem. When a MIG-25 pilot defected to the west it was noted that 
the air frame was made of steel, not a lightweight metal. Also, some of the electronics were not solid state, but 
of vacuum tube design. 

•c. During a nuclear test in the sixties, circuit breakers tripped causing a power blackout 800 miles away in 
Hawaii at the exact instance of the blast. Several years went by before the two events were put together as one 
related incident. 

•d. Another effect of EMP is a radio blackout lasting from a few seconds to several hours, depending on the 
frequency. After a blast, the ionosphere becomes superionized and absorbs all frequencies. The upper 
frequencies will come back first, with HF and the lower bands corning back last. 

•e. What can you as an operator do to lessen the effect of EMP? Very little. Some progress has been made 
toward hardening communication equipment - extra shielding around cables, air vents, etc. Some basic 
precautions are: equipment not needed should be turned off. Antennas should not be installed until needed. Bur; 
all power cables. Equipment not used should be left unplugged when not in use. Never use commercial power. 
Always ground your equipment. Rethinking of our use of communication equipment is in order. Some of our 
net radios as well as our multichannel links should be turned off. Have only one net up at a time to lessen the 
effect of EMP. 

12. FM Squelch Capture Effect. 

• a. W c are familiar with the obvious methods of jamming, but not of subtle jamming. We have a characteristic 
in our FM radios that make them highly susceptible to this type of jamming. 

•b. When we listen to our FM radios we don't want to be bothered with noise when no one is transmitting. We 
have a squelch circuit that eliminates that noise. To overcome the squelch, a friendly radio transmitter, as part of 
his signal, transmits a 150 hertz cycle tone (NEW SQUELCH POSITION) that deactivates the squelch enablinf 
another station to communicate with him. To let him know a call is coming in, the CALL LIGHT lights. A 
jamming station on the other hand, will not transmit a 150 hertz tone. The CALL LIGHT will not light. 
Therefore, you will not know if someone is calling you or not because the jamming signal will be many times 
stronger. 

•c. What can you do? Things you can do violate signal security, such as comrno checks. Radio checks are 
unnecessary on an established radio circuit. By contacting other stations, you compromise your location. 
Valuable signal intelligence can be gained even though the net is encrypted. An electronic signature identifies 
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all units and their locations. One thing you can do that doesn't violate signal security is to put the squelch switch 
to OFF. If you hear noise, you know you are not being jammed. 

How often should you do this? It depends on the flow of traffic at the time. If there was a constant flow of 
traffic and then all of a sudden there is none, be suspicious. Turn the squelch off. However, if traffic is 
infrequent and there is no traffic for a while, again, be suspicious and turn the squelch off. If you are being 
jammed, don't forget to submit an interference report. One precaution should be noted, however; the Russians 
have a jammer that transmits noise. What to do? Change the MHz knob a megacycle up or down, then listen. If 
there is noise you know you are not being jammed. Move the MHz knob back to correct MHz position. 

Instructions The following items will test your understanding of the material covered in this lesson. There 
is only one correct answer for each item. When you have completed the exercise, check your 
answers with the answer key that follows. If you answer any item incorrectly, review that part 
of the lesson which contains the portion involved. 

1. The most common military antenna is the--

A. doublet. 
B. inverted L. 
C. slant wire. 
D. halfrombic. 

2. A compromise antenna that is good for sky and ground wave use is--

A. doublet. 
B. whip. 
C. a whip bent at a 45-degree angle. 
D. slant wire. 

3. Loading coils are used primarily for what type antenna? 

A. Doublet. 
B. Whip. 
C. Long wire. 
D. Hertz. 

4. The terminating resistor used in a half-rombic antenna is--

A. 500 ohms. 
B. 2,500 ohms. 
C. 73 ohms. 
D. 36 ohms. 

Learning Event 3: SITING 
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HF PATH AND SITE ENGINEERING 

1. In tactical situations, we are always making compromises. Selecting a communication site is one of them. 
Seldom will a site satisfy all the physical, electrical, or security requirements. In some situations, the ground is 
too hard or there is foliage that surrounds us. 

2. Site Criteria. An ideal site should meet as many of the following criteria as possible: 

•a. Level ground, or sloping towards the distant station. 

•b. Adequate amount of real estate on which to locate equipment and antennas. 

•c. Away from the base of mountains in the path oftransmission. 

•d. Preferably no foliage under the antenna, or at least not as high as the antenna. Proper separation from 
wooded areas to meet the needed take-off angle for the distance to dt~1~!lU:t..:nj~,_l_ll . 

•e. Good earth ground conditions. (Use a radial/counterpoise for vertical antennas.) 

• f Away from major highways. 

•g. A way from power lines. 

•h. Away from sources of reflection or absorption such as metal buildings, other antennas, high fences, etc. 

•i. Meet site security requirements. Clear area around the site for at least 100 yards. Surrounding hills should be 
occupied by friendly troops. 

3. Intervening Terrain Considerations. Intervening terrain can play an important part in HF communication, 
especially shot1 ground wave and long distance sky wave communications. 

•a. Short distance (0-250 miles). For stations within 25 miles of one another, ground wave can be used. In orde r 
for good ground wave to be used, the intervening terrain should be flat with no mountains or thick foliage. For 
short distance sky wave, intervening terrain has little or no effect because of the high take-off angle. The 
exception are trees, separation from trees, for the transmitting antenna must be maintained if communication is 
to be maintained. To make the signal stronger, a counterpoise or radial ground should be used. The only 
requirement for short distance sky wave is having room enough for the antenna and being away from reflecting 
objects. Antenna heights should be less than a quarter wave, 10 to 30 feet high. Assuming the correct frequency 
was used, transmit antetma heights of a All 0 to a A/4 can be used without noticeable loss of signal at the 
receiving station(s). (See iJ2..2Jd.l:_l~ ~x .) Notice transmit antenna heights of2 feet at 6 MHz produced a 8 dB loss of 
signal at the receiving station. Transmit antenna heights of 10 feet will work with some loss of received signal 
when using frequencies between 2 and 9 MHz, while frequencies above 9 MHz suffer less loss. As the transmit 
antenna is lowered, the antenna must be made longer because of the ground effect. The loss of received signal i :; 

like cutting your transmitter power output in half for each 3 dB loss in received signal. For an 8 dB loss in 
received signal it is like cutting your transmitter power from 100 to 12 watts. 

•b. Medium distance (250-1500 miles). There is no ground wave possible at this distance, unless transmitting 
over water. The same requirements are needed as there were for short distance, except that the antenna should 
be a half-wave high. 
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•c. Long distance (1500 miles and over). The same requirements as for medium distance, except that the 
antenna should be as high as possible. 

Ground Conductivity For Various Terrain 

:p~'YPES OF SURfACE t :: : RELATIVE CO.NDUC'l'IVITY 

JSea Water 
!Flat, Loamy Soil 
!Large Bodies of Fresh water 
!Rocky Terrain 
lDesert 
lJungle 

Single-ho12 SkiQ Distances at Various Vertical Take-off Angles 

! ANTENNA f F2 DISTANCE 
i RADIATION I 
! ANGLE I FOR 240 km 

t (VERTICAL l HEIGHT 

f TAKE-OFF) I (DAYTIME) 

I J 
I oo I 2000 miles 
I I 
I so I 1500 
I I 
J 10° I 1200 

I 
15° I 900 

I 
20° t 700 

I 
25° I 600 

I 
30° l 450 

f 
35° t 400 

I 
40 10 t 350 

I 
45° I 275 

I 
50° I 250 

I 
60° . I 160 

I 
70° I 95 

I 
80° I 50 

I 
goo i 0 miles 

l 

Good 
Fair 
Fair 
Poor 
Poor 
Very Poor 

1 F2 DISTANCE 
! 
t FOR 450 km 
j HEIGHT 
t (NIGHTIME) 

t 
t 2800 miles 

' J 2300 
I 
I 1800 
t 
I· 1400 
I 
I 1100 
t 
I 1000 
J 
I 825 
I 
I 700 
I 
l 600 
l 
l 500 
f 
I 425 
I 
r 275 
l 
r 180 
I 
I 90 
I 

' 0 miles 

NOTE: Further distances must use multiple hops. This table does not include refraction from E, For sporadic E 
layers. 
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4. Atmospheric Problems. 

In certain areas of the world, especially the hot climates around the equator, the atmospheric noise is very high. 
This forces you to use higher frequencies to get above the noise. The further you get away from the equator, the 
quieter it becomes. As you approach the pole, the aurora (northern lights) forces you to lower your frequencies 
because the layer ionization levels are less at the poles. 

5. Frequency Planning Table. 

The table below is an average for planning the frequencies to use for certain distances during a maximum or 
minimum sunspot cycle. We should always use the FOT and not the MUF or LUF. Fluctuations in the 
ionization levels of the ionosphere could raise or lower our frequency beyond the MUF or LUF. 

Frequency Planning Guide 

] Minimum c: ' · Jll~f.mum Fq-j:_-t D~stance FOT 
I j 

' 
2800 miles 7.5 lmz I 40 MH.z I 

t 2500 7.3 J 38 l 
I 2000 7.0 J 33 I 
I 1500 6.3 I 29 I 
I 1250 5.5 l 25 I 
I 1000 4.8 I 2.1 I 
I 750 4.2 I 17 I 
I 500 3.3 I 14 f 
J 400 3.2 I 13 t 
] 300 3.1 I 12 t 
I 200 3.0 I 12 ; 
I 100 2.9 I 11 ' ' 0 miles 2.8 MRz I 11 MHZ I 
t 

NOTE: Use with single-hop skip distance table for determining required vertical take-off angle and antenna 
frequency coverage for specific path lengths. 

6. Effects of Trees and Bushes on Antennas. 

In a wooded or jungle area, the best antenna is a horizontal antenna. A vertical antenna's radiation is absorbed 
by the vegetation. The denser the vegetation - the more the absorption. Antennas that are affected are the whip, 
L, slant, and sloping antennas. Metal objects also effect vertical antennas. 

7. Planning an HF Vehicular Radio System. 

During displacements we must use a whip antenna. What factors can we use to improve and make better this 
type of communications? 

•( 1) Aim the vehicle to the distant station. See Jlg~u:.~.l~l . 
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WKIP 
ANTEJiojA 

\ 
\ 

' ~ 
' ' \ 

\ DIRECTION OF 
' BEST ~UHlCATlOHS 

Figure 74. Vehicle chassis counterpoise. 

POOR. 
RADIATION 

\mOEN 
TENT PEGS 

POM 
R.tDlATJOH 

FAH:f RADIATION 

Figure 75. Use of the counterpoise with a vehicle. 
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/HORIZONTAl NULlS AT Et;DS "" 
HORfZONTAL POLAR12EO 

AADfATION 
-"" ~ 

OPTfMUM LENGTH ; AT_/ 

OPERATING FREQUENCY 

_OPTIMUM HEIGHT ~AT 
OPERATING FflEOUENCY . 

. l VERTICAL POLARIZATION 
COUNTERPOISE 

~-
tlf REQUIRED} 

~- ---~-------------.,_.......,_,_...,..- ..,.,..o-
I 

I 
ANTENNA I t 

COAXTOXMTR , 
TUNING UNIT ' I 

I 

GROUND ROD 

Figure 76. L antenna. 

NOTE: Try to make elements one quarter and one half wavelengths, respectively, but antenna will still work 
well if shorter vertical and horizontal wires are used, provided antenna tuner is used. 

•(2) Select a frequency as near the FOT as possible, not the doublet's LUF. A frequency above 10 MHz might 
be possible to take advantage of the ground wave (terrain permitting) if stations are within 25 miles of one 
another. 

(3) Add three additional mast sections (24 feet) so that the whip will be near a quarter-wave in length. If time 
permits, use a counterpoise or radial ground system. If using ground wave, make sure antenna is completely 
straight. If sky wave is to be used, bend the antenna at a 45-degree angle. If no contact try a better antenna-slant 
wire. 

•C 4) Select a hill or a flat clear area. Make a good ground connection. 

•(5) If time permits, install a "quickie" antenna such as a sloping antenna. See l]_g:ur~ 71. 
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STAKE 

!i 

DIRECTION OF 
...,.. RAD'AliON 

INSULATOA 

(or tletJ around tree) 

GROUND STAKE OR 
J...,.J--o_ COUNTEAPOISE 

NOTE: 
COUNTERPOISE SHOULD BE 
USED IN FRONT OF LOW 
PART Of ANTENNA TO 
REINFORCE RAOIATlON JN 
fOAWARO OIRECffON 

Figure 77. Sloping wire antenna. 

8A SE STATIOJI 

YEHtCI.\.AR S'TATIOO 

._-+----END OF ilib ffiiV£ 

._-++--..;...--- UHUSfCI iND 'IA'i£ 

Figure 78. Sky-wave only system. 
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!Read}': Reference Vehicular Base Station Antenna T~esl 
I SHORT DISTAtfCE BASE S'l'ATION ANTENNA mEs I 
I I I I I 
l TYPE ' DESCRIPTION ~ APPL!CATIOl{ t CONSTRUC'I'IQN ' i I f 
!Vertical J Vertical ~st or whip. I Ground wave or lowl AN/GRA-4 Kitt I 
I I insulated fro~ ground , t angle sky•waveJ l insulated I 
I t guyed or self l ooly ground W3Ve l metal mast orr 
I 1 supporting . t ~o~ponent used !orl whip. I 
I J ' short distance. I 
Doublt!t llalf wave in length~ I Ground ~nd sky I AB-155/U or I 

I Antenna I center fed , using coax I wave I suspended I 
I _j line I I from trees ~ 
I Sloping J Sloping wire J usua111 I Shott dist-ance I Wire r 
I wire t S.O ft longJ connected l gL"ound and sky I suspended I 
I I to antenna tuning I wave directional r frcm 30-40 l 
t J unit at low end, or I aw~y from elevated! ft support l 
I I A/4. J end, pattern I .and run to I 
I I I sometimes e~tatic.l _ground to~ardl 

I I , I distant. f 
I I I I station I 
~ I f I connect i ng in) 
I I f I antenna t , 

J I l tllnin&tmi t . I 
J lnv uLt' or I Wire antenna, top I Short distance l Wire I 
luru ~ loaded vertical. ! ground and sky I suspended t 
l I t wave, basically \ bet"Ween masts~ 
I I I omni ... directional 1 I with vertical{ 
f I I both Hol"iz and I wii"e tenni~ I 
I I l Vert. 

' 
nating i n Ant I 

f J J I Tuning Unit. I 
L4<> £t Folded f Wire antennat ( Short distancf! l Saaui! as I 
Jlnv "1/1 or ' top l oaded vertical~ I ground wave , omni~t above. I 
IUTU ' wi tb cam::elled HC>r i z J directional; sky· I I 
r J radiation. I waves cancel . I ' 

8. The Short Path Sky Wave. 

Ba. Frequencies used should be near the FOT and the antenna should be a doublet. Height should be less than a 
quarter wave. See -q and 0:!. A counterpoise should be used. 

L.OOK1NG 
DOVVN 
FROM 
ABOVE 

HORIZONTAL 
PATTERN 

VERTICAL 
PATIERN 

Figure 79. A /.../2 dipole in free space. 
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\ 
OOU9t£T 

GROUMD 

a) VERTlCAL VfEW 

•l~tG1UlOilTAl VlEW 

Figure 80. Effect of ground doublet radiation pattern (height 20 - 40 feet above ground). 

•b. Sag. Antennas erected for low frequencies tend to be very long, over two hundred feet long. Antennas that 
long tend to sag unless supported in the middle. Significant signal loss can result if the antenna is not supported. 
See fig~!~~ RJ . To prevent coupling or radiating from the transmission line, make sure that the feed line is at 
right angles to the antenna. See "'"";~~"'-

... -·.- ... -- ----.--- --·;·------ ·---
SAG· 

I 

-- ---\:------
Figure 81. Doublet antenna sag. 

At angles of 20° to goo from the horizontal, signal loss 
can be expected. Keep antenna as horizontal as possible. 

Figure 82. Doublet feed line problems. 

At angles of 45 to 60° from a perpendicular plane to the 
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doublet, up to 5 db antenna gain can be lost. Keep feed 
line as perpendicular from antenna toward earth as 
possible. 

No statistics very poor 

• c. The disadvantage of the doublet is its narrow operating range. See JigLJ.t:~:-, ~3 and g4 _ 

ROPE 
I ""INSULA.TOA 

- -1<.;4 

UNBALANCED 
COAXIAL 
FEEt> LINE 

-
t 

.A/4 OR 
, LESS FOR 

SHORT 
DISTANCE 
(LESS THAN 
250m I) 

' Figure 83. A typical doublet . 

.t;4 OA LESS 
OPTIMUM -lUSUAlLY 20-4<ltt. 

ABOUT THE SAME LENGTH 
AS THE ANTENNA 

Figure 84. Doublet for path of 100 miles or less, showing use and placement of counterpoise. 

•d. Jumpers can be used to increase the operating range. See fiaurcs 8.5_ and 8(J . The inverted vee is a variation 
of the doublet. So that you don't have to raise and lower the antenna, you can use a multidoublet which covers 
several frequencies. 
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T 
20TO 
40Fl 

flLOW) 

f(HlGHJ 

/ 
FE£D 

BLOCK 

NOTE: PLAC£ JUMPERS ACROSS APPROPRiATE iNSULATORS 
TO CHANGE FAEOUENCIES. 

Figure 85. Multifrequency doublet. 

JUMPER WIRE FOtDEO BACK 
OUT OF WAY AHO NOT tJ$£0 

/ 
FEED 

RLOCK 

BRUNDY .. BIIG• NUT OR 
WRAPPED AND SOLDEQEO 

Figure 86. Construction of multifrequency doublet. 

FLOW 

FMED 

FHl 

I 
SPECJAL 

FEED BLOCK 

{lOCALlY 
FABRICATED) 

THIRD 
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MAST 

MIN 
1211 

MIN 
12u 

Figure 87. The multiple doublet antenna. 
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tt£161tTS ABOY£ IROIJND •• A'Iif:LOGTMS 

o.mz 0.024 0.037 0.049 0.061 o.on 0.01!5 0,09t O.t10 0.122. O.t'l .2~0 

-o . 
I v ,_. 

~ -z IN tlUAJijt; 

~ ~ ~---~ -· ---.... 
~ ..... .--

~A 
~--· --· ~-, .. .-.- .. --- -.. , 

r llot '.JUNGLE 

... 
CW-E·W4't GAIN lt[l..t.ll\1( 

•10 

TO ,Ot.E IN 1H ... 1

1 
~n. 

z 4 I • 10 IZ t 4 11 " 20 30 ~ 

1f£tQ"T ABOVE GROUMn-tEET 

Figure 88. Approximate gain of a doublet as a function of height in open and in jungle based on a 
frequency of 6 MHz. 
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I { 
I TYPE DESCRI PTIOt~ APPLICATION I CONSTRUCTION 
!See vehicular base stat i on antenm' types as most nave "!!Plication for 
lpoint/point work 

·I I 
JDoublet t Constructed of wire. 
I !renter fed. Can be a 
I I ta1)e Jipole such as 
J tWD~I. 

~ ~ 
I t 
\ \ 
I I 
l r 
r l 
I I 
l I 
I I 
I I 
!Inverted I Constructed of wire 
I"V'' lor t.apc~ center fed .. 
I !Uses only one mast. 
I I 
I I 
I I 
I I 
r l 
I I 
I I 
I I 
I I 
l I 

' i I I 
L I 
I I 
IHulli.. jCon~p:romise broadband 
!Doublet !antenna for HF. 
I I 
! J 
J I 
I I 
i ' I 1 
I J 

' ' 

t r 1 
{ Used for short and IWiE:e. center f 
I medium distance lfed normally I 
I comunication. lwitb 5.2~12 · I 
I Useful radiation I coax supported I 
I normally 40q - 90°lbetween masts I 
1 good to about 800 I o.r poles. I 
\ ~ile~. \Ha~imum ~aoia-1 
I ltion perpendi-1 
~ Jcular to plane! 
J ]of wire . No l 
r ftuning unit I 
I frequired. I 
I I 
I I J 
I Used !or short andiWire, center I 
I medium distance lfed normally I 
I communi cation. I with 52 I 
I Slightly less lcoa~. Support-! 
I efficient ~han led witb singlel 
I normal doublet Jmast at I 
I particularly at icenter, ends I 
f short distances. Jdrooping to I 
l (ground, other-1 
f lwise same I 
I !basic charac- I 
I fteristics a5 I 
f Ia doublet. Nol 
t I tu.oing unit t 
I !required. I 
I I I 
I I I 
l Basically same {Two oc three I 
l results as !doublets all I 
I Doublet • but I co.rmected l 
I operates llell on I together. fed I 
I several !requen- lwith 52 I 
I ci~s in an over- !coax cable, t 
I all band. !wires separa- I 
I I ted by minimum I 
I lof J2 inches. I 
I I ~ 

•e. Communication between 250 to 800 miles. The same problems encountered for short distance 
communication also holds true for the medium distance path. In some cases, it is the most difficult circuit path. 
The doublet is the best antenna over this distance and should be at least a quarter-wave high. Usable frequencie:; 
fall between 3 to 14 MHz. Reliability may fall below ninety percent. 

• f. Communication between 800 to 1500 miles. Communications over this distance require antennas with a low 
take-off angle. A doublet a half-wave high will work reasonably well. Reliability may fall below ninety percent. 
Frequencies can be from 4 to 25 MHz . 

•g. Communication over 1500 miles. There may be times when a tactical facility may be required to 
communicate to a station over 1500 miles away. The only antenna available to the tactical communicator is the 
doublet. The percent of reliability will fall significantly. To communicate effectively over 1500 miles you need 
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a more powerful transmitter and a better antenna system than what is available. We must accept less than 
desirable performance when communicating long distances during tactical situations. 

TACTICAL RADIO SYSTEM ANALYSIS 

During and after an exercise, an analysis of the communications needs to be accomplished. Copies oflogs, if 
necessary, need to be forwarded to indicate time of and reason for outages. Careful evaluation of the facts will 
determine if the assigned frequencies are too high or too low. If interference is a factor, report the interference, 
and if you have to, change to another frequency. Unfortunately, it is very seldom that we evaluate our HF net 
effectiveness. From time to time over the sunspot cycle, different frequencies need to be assigned. The same 
frequencies will seldom work over a sunspot cycle (a sunspot cycle is just over 11 years). Communication is 
always better during a maximum sunspot cycle. Higher frequencies are more useable, because ionization by the 
sun increases the density of the layers which will support higher frequencies. A higher FOT daytime frequency 
will be needed in a sunspot maximum cycle. The FOT does increase at night, but not significantly. 

Most of our communication outages can be traced to incorrect frequency assignments. In most cases the 
assignment is too low, in the 2 to 3 MHz band. Severe interference should be expected. In most cases the LUF 
for a doublet is used, whereas the LUF for a whip should have been used, because some of the outages are 
usually when we are mobile or mobile-at-a-halt. 

Learning Event 3 Practice Exercise 

Instructions The following items will test your understanding of the material covered in this lesson. There 
is only one correct answer for each item. When you have completed the exercise, check your 
answers with the answer key that follows . If you answer any item incorrectly, review that part 
of the lesson which contains the portion involved. 

1. For short distance communication (0-250 miles), antennas should--

A. have a high take-off angle. 
B. have a low take-off angle. 
C. take-off angles have no effect on communications. 
D. be a half wave high. 

2. Which of the following terrain features favors site selections? 

A. Power lines. 
B. Metal buildings. 
C. Other antennas. 
D. Level, clear area. 

3. Which take-off angle favors long distance? 

A. 5 degrees. 
B. 45 degrees. 
C. 75 degrees. 
D. 90 degrees. 
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4. Near the equator as compared to a polar location you would--

A. use a higher frequency. 
B. use a lower frequency. 
C. use the same frequency. 
D. use the surface wave. 

5. Which frequency has a greater daytime communication range? 

A. 7 MHz. 
B. 10 MHz. 
C. 12 MHz. 
D. 15 MHz. 

Learning Event 4: FREQUENCY SELECTION. 

1. Prior to selecting frequencies for a radio circuit, thought must be given as to what type of antenna will be 
used. Often, during displacement or during an alert, at least two types of antennas will be used -- a whip while 
moving; a doublet or suitable compromise antenna while mobile at a halt. Antenna selection will determine the 
choice of frequency, not the other way around. 

-5 -5 
10 10 

Doublet Antenna. (p 130) 100 !1ile s 15-E"oot vrhip {p 134) 

33 Feet H.igh L'f' Colu."llll 5 (201-600 Watts) LT rioo r-ules} 

Column s {201-600 Watts} 02 2.0 Low Sunspot (10) 02 3.7 f 

Low Sunspot {10) 04 2 .0 The Letter F Indicates 04 3.4 F 

No Letters (13-F) 06 2.0 Frequency is 0-20% 06 3.4 E·' 

TO 'l'he Right Of OB 2.0 Reliable; 08 5.1 F 

E'requen.cy Indicates 10 2.0 E Indicates 20-40% 10 6 .4 0 

90% Reliability 12 2.0 Reliable; 12. 6.7 D 

Lowest Useful Frequency l4 2.0 D Indicates 40-60% 14 6.4 D 

For 1 00 Miles; Radio 16 2.0 Reliable 16 6.0 E 

Teletype, NSK, 60 WPM 18 2.0 Lowest useful Frequency 18 <\.9 r 
{p 128) 20 2.0 for 100 Miles 20 3.9 F 

22 2.0 22 3.5 F 

24 2.0 24 ).6 F 

Looking at the various Immediate Sky-Wave Distance (ISD) charts, yq!qm(' 8, (we will use column 5 on the 
charts) for various antennas, we see that the most reliable antenna is a doublet with reliability dropping until we 
reach the poorest antenna-- the whip. We also see on the ISD charts that for the same distance, the frequency 
increases with each type of antenna, with the whip having the highest frequency. What conclusions can we draw 
from these comparisons? First, we must have two frequencies for sky wave use-- a day and a night frequency. 
Also, when forced to use a whip, a higher frequency than that used by a doublet must be chosen in order to 
offset the power loss caused by the short length of the whip. A nighttime whip frequency should be selected and 
not a nighttime doublet frequency. The reason is that in all cases, the poorest antenna used will detennine the 
frequency selection. Any frequency selected for the whip will work with the doublet. A frequency selected for & 

doublet will not necessarily work reliably with a whip because of the shortness of whip and the inevitable power 
loss caused by the transmitter's loading coils. If we increase the frequency in order to compensate for the whip'~ 
power loss, we might exceed the MUF for the radio circuit. 
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2. Antenna orientation is not a consideration for short distance sky wave use. If possible, use a radial ground 

system, especially with a whip, using 36 radials which should be as long as the antenna. Sometimes a radial 
system makes communication worse when it is connected to the equipment ground. To be sure, always try to 
communicate first without the radial ground connected to the equipment ground, then with it. 

3. From a signal security standpoint, we are in trouble. In order to increase the reliability of the whip, we use 
higher frequencies which provide the enemy with a better opportunity to monitor and jam our signal. Most of 
the time, if we use a whip, we must sacrifice signal security in order to maintain the radio circuit. If we use a 
doublet, we could use the LUF which makes monitoring and jamming more difficult. During displacement, 
communications is very crucial but also marginal in reliability if we use a whip. We must therefore make a 
compromise and ease our signal security concerns in order to increase the reliability of the radio circuit by using 
the whip's LUF. With 100 nets requiring the same FOT/LUF, obviously not all nets can use the same LUF or 
FOT. More compromises are necessary. Frequency assignments will be close as possible to the FOT down to 
the whip's LUF. 

4. Usually, most of our units communicate less than 50 miles (closer to 5- 25 miles). One consideration to 
make is the use of ground waves for short distance radio circuits. Let us compare some charts for various 
antennas. Look at the L:ound ~va'J.' ~..Till , especially for a 15-foot whip (use column 7). Notice that if we use 
any frequency from 12 -25 MHz, a ground wave will meet our circuit path requirements of 25 miles. 
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5. Another consideration to make for sky wave communication when using a whip is to bend the whip forming 
a 45° angle. We must also consider adding additional whip mast sections so that the whip will approach a 
quarter of a wavelength. We might have to guy the whip to keep it from leaning too much if we make use of the 
ground wave. However, tuning the whip will be easier when it is at least a quarter wave in length. When the 
whip is shorter than a quarter wave, there will be a power loss due to the matching done by the loading coils of 
the transmitter. This is most evident when we operate the whip below 15 MHz.To calculate the length of the 
quarter wavelength whip, use the formula 234/F (F is in MHz and 234 is 1/2 of 468). Lets calculate the power 
loss for an AN/GRC-142 with a 400 watt output and operating at 2 MHz using a whip. What percent of a 
quarter wave is a 15-foot whip at 2 MHz? 

F = 2MHz 

234/2 MHz = 117 feet 

15 feet/117 feet= 12% 

400 watts x 0.12 = 48 watts output (roughly) 

48 watts is all that is actually going to the antenna. The rest of the power is used up by the transmitter's loading 
coils. 

6. For our 25 mile radio circuit, we selected the highest FOT from the 100 mile MUF/FOT chart on \Jq~itrmt:u 
1 :-<ttlci'r~qti~Jl(:l','?(0:tl,J} We selected daytime frequency, during a low sunspot (SSN10) period: FOT 5.7 
MHz at 1200 hours and from the 15-foot whip LUF chart on LQ~~est tl~&fhl1JJjg!:L[I£it!d~lfLt.;S i]JJF), we 
selected the highest LUF of 6.7 MHz at 1200 hours. Our daytime frequency will be 5.7 MHz. We shouldn't use 
the LUF of 6.7 MHz because it exceeds the FOT. As you can see all the LUF for the whip is less than 90 
percent reliable, closer to 0 to 20 percent. 

7. Nighttime presents other problems. The frequency band of 2 to 3 MHz is filled with powerful commercial 
stations. Even though our LUF ISD charts indicate that this band is the one to use, there will be too much 
interference from these stations. We are forced to go up in frequency. Look at the ground wave chart for a 15-
foot whip on (it:()11Ji'J\Y<,\'"'E!llgh:-. , ~[:lt~li'o::''\:lilG~ - We see that the ground wave range for 12 MHz is 25 miles. 
If we select a frequency that makes the best use of a ground wave, we might have one difficulty - the 
interference from an incoming sky-wave signal might be stronger than our ground wave signal. If that happens, 
try other frequencies until you find one that is relatively free of interference. Even if we were to use a 32-foot 
whip instead of a 15-foot whip while operating on the same frequencies, we can still expect are iability ofless 
than 90% C~ ; F cb_<ttJJ 

8. When using a doublet, we must consider its height above ground. For a 0 to 25-mile circuit using sky wave, 
we must erect the antenna less than a quarter wavelength above the ground. We might have to vary the height 
from 15 to 30 feet. For short distance sky wave, we want the radiation pattern straight up (Near Vertical 
Incidence Sky Wave (NVIS)). The highest frequency will determine our antenna height. For example: A quarter 
wave at 12 MHz is 19 feet. Our doublet antenna should not exceed 19 feet in height. As we lower the doublet, 
the ground effects make the antenna electrically longer. Therefore, you might have to lengthen the antenna. 
Your SWR meter will indicate whether you need to lengthen it or not. 

9. You're probably thinking, "Now wait a minute! I don't have a choice of frequencies. I use what is listed in the 
CEOI." You're right. However, if those frequencies don't work, inform your frequency manager at Division, 
Corps, Army, or Theater, and you will be given additional frequencies. The bottom line is that you are not stud: 
with any frequency that doesn't work. Remember also that there is no such thing as a sole-user frequency. You 
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will share your frequency with hundreds of users throughout the World. The following frequency bands need to 
be avoided because of powerful ship-to-shore or international broadcast stations located there: 

BAND STATIONS 

2 -3 MHz Ship-to-Shore 

4.75- 4.95 MHz Broadcast 

5.95- 6.2 MHz Broadcast 

9.50- 9.77 MHz Broadcast 

11.70- 11.97 MHz Broadcast 

15.10- 15.45 MHz Broadcast 

17.70- 17.90 MHz Broadcast 

21.45 - 21.75 MHz Broadcast 

25.60 - 26.10 MHz Broadcast 

These bands might seem to work during the day. At night, you might experience severe interference from these 
stations. Anytime you experience interference submit a MlJ1 report, then request another frequency, until you 
get one that will work. Don't keep using the same frequency when you know it won't work. Keep reporting it 
until you receive a better frequency . There are always spare frequencies. 

10. The Immediate and Short Distance Sky-Wave books can be had just for the asking. Write to: 

Commanding General 
USAESEIA 
ATTN: ASC-E-TP 
Fort Huachuca, Arizona85613-5300 

or call AUTOVON 879-7685. Every division or higher level unit should have a book for their area. There are 
35 volumes covering all areas of the world. For our use, we will use column 5 from the ISD book and column 7 
from the GW book. 

11 . Let's do a couple of sky-wave frequency selection problems. 

•a. Situation 1. 

Let us say that we have a radio net with only two stations which are 50 miles apart. The radio set used is the 
AN/GRC-142. We are using radioteletype during a period of low sunspot activity. We need to select two 
frequencies for 24-hour communications. We will use a doublet antenna erected less than a quarter wavelength 
above the ground for our highest frequency so that our radiation pattern is straight up. Keep in mind that we 
might have to vary the antenna height from 40 feet down to 10 feet (any lower than 10 feet, we have safety 
problems). Tum to the sky-wave extracts, the jl1(}5;:;1<l.tb~~-L(~~~:_~;~1L~.:t17l~JLigl1_)h:.qli~Xl_,:y_tLULJ. Look down 
the left side until you find Radioteletype, NSK, 60 WPM. Now, look across the top of the columns for our 
power output, 400 watts . We will use the column which has our power output (201-600) falling in between. 
Look down this column until it intersects with our type of service. Five is the column that we will use on our 
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sky wave LUF charts. Tum to the Look down the low sunspot column (SSN 1 0) for 100 mile~; . 

We will select the highest and lowest FOT. They are 5.7 MHz and 2.5 MHz. Look at the doublet or dipole 
~ for 100 miles, low sunspot, 33 feet high, column 5. The highest and lowest LUF is 2.0 MHz. We can now 
assume that a daytime high frequency selection can be from 2.0 to 5.7 MHz. These frequencies will give us a 
90% reliability. (Vo!un1c X.) Let's keep in mind the problem of ship-to-shore stations and eliminate from 
consideration frequencies between 2 to 3 MHz. Now we have a daytime high frequency between 3 to 5.7 MHz 
and a low nighttime frequency of just above 3 MHz. We must compromise because of possible interference. If 
we check the ISD extracts, we will see that a doublet and a sloping long-wire a..r1tenna are the only antennas that 
give 24-hour 90% reliability. 

The sloping long-wire antenna and a sloping quarter-wave wire antenna have similar performance 
characteristics. Since we are using short distance sky wave, again, antenna orientation is not a factor. Let's take 
a look at the ground wave charts to see how far our ground wave will reach Look 
down the left side to find our type of service, RTTY, single channel, FSK, 60 W/M. Next, look across the top 
for our power in watts, 300 to 499. Where these two columns intersect, is the column number for our charts. We 
will use 7. Now, tum to our lS-l\lSfLYJJiD~.mH~m~a £bmt, the _,};:2_-:.t~)~~D.}:hil~, and 8Ql2ing_-\\j__t_·s_ . As you can see, our 
ground wave range for 3 to 5. 7 MHz is approximately 14 to 3 7 miles. During a 24-hour period this means that 
ground wave propagation cannot be used for this circuit. 

•b. Situation 2. 

•(1) Let us assume that we have a radio circuit in which our stations are 100, 750, and 1500 miles away from 
the net control station (NCS). We are using an AN/GRC-142 in radioteletype mode during a low sunspot 
period. Let's select two frequencies for 24-hour operation. One of the problems in operating in a net like this is 
that some of the stations might be close while others are far away. Will the same two frequencies work for all 
stations all of the time? Probably not. You might have to set up two or three nets with two or three radios at the 
NCS location to accommodate the stations of varying distance. Of course, it is easy to say. However, if you 
don't have the resources, what will you do? Select frequencies that provide communication for the majority of 
stations and then rely on relaying to get the traffic through. The stations with which you will have the most 
difficulty are the closest stations, while the ones further away will be easier to communicate with. 

•(2) We will use a doublet at least 40 feet high above the ground. Long distance communications is best when 
our antenna is over a half wavelength (at the lowest frequency, if possible) above the ground. The antenna 
should be broadside to the majority of the stations. Let's find the highest and lowest FOT and then the highest 
and lowest LUF for 100, 750, and 1500 miles. 

STATION A STATION B STATION c 
100 MILES 750 MILES 1500 MILES 

HIGHEST FOT 5.7 .z 12 MHZ 18.8 NHz 

LOtiEST FOT 2.5 MHZ 4. 5 MHz 6.9 MHz 

HIGHEST LUF 2.0 NHz 7.2 MHz 19.9 MHZ 

LOWEST LUF 2.0 MHZ 2.0 NHz 8 .. 9 MHz 

It will probably be impossible to select a frequency or frequencies that will provide communications to all the 
stations all ofthe time. We will select frequencies which will allow communications to the middle-distance 
station (750 miles). There will be times, probably at night, when all stations hear, and other times when only 
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one station hears. In that case, the station that hears must act as a relay for the others. For daytime, use any 
frequency between the highest FOT 12.0 MHz and the highest LUF 7.2 MHz, probably in the middle or 9.6 
MHz. For nighttime, any frequency between the lowest FOT 4.5 MHz and lowest LUF 2.0 MHz will work 
(move to 3 MHz to escape ship-to-shore stations). To make communications better, a third frequency might be 
considered. You can see from the LUF charts that direct communication with station C (1500 miles) is less tha 
90% reliable. Upon checking other antennas, you will find that they are even less reliable. 

•(3) Suppose that we were forced to use a 32-foot whip for this net. What would be the consequences? Ground 
wave would be out of the question. As you look at the LUF charts, you can see that the overall reliability is ver;r 
low, on the order of 50%. Station A (1 00 miles) is the one we will have the most trouble with. Station B (750 
miles) will be doing a lot of relaying. The reason that the reliability of station A is poor is because a whip is a 
vetiical antenna and it favors sky wave with a low take-off angle. Station A is too close for these low take-off 
angles and too far for ground wave. Station B is at the optimum range for a vertical antenna. Even so, the 
reliability for a 32-foot whip is 60 to 80 percent. It also radiates in all directions- another disadvantage. 

VOLUME8, CENTRALEUROPE 

There are 35 separate volumes covering all areas of the world. Predictions are for minimum and maximum 
sunspot periods. Some of the more common tenns are: 

MUF (Maximum Usable Frequency): The highest frequency which is expected to be completely reflected from 
the ionosphere on at least 50 percent ofthe days of the month. 

FOT (Optimum Traffic Frequency): The highest frequency that will be reflected from the ionosphere on at least 
90 percent of the days of the month. 

LUF (Lowest Usable Frequency): The lowest frequency that will be reflected from the ionosphere on at least 9(l 
percent of the days of the month. When there is no frequency that will provide at least 90 percent reliability, the 
LUF will be listed followed by a letter to represent the reliability. 

B = 80 to 89 percent reliability 
C = 60 to 79 percent reliability 
D = 40 to 59 percent reliability 
E = 20 to 39 percent reliability 
F =Less than 20 percent reliability 

The volumes cover six two-month periods: January-February, March-April, May-June, July-August, 
September-October, and November-December. 

There is a chart that covers each two-month period listing the FOT and MUF over a 24 hour period. Additional 
charts list the LUF over a 24 hour period. The charts cover the following distances: 100, 250, 500, 750, 1,000 
and 1500 tiles. Predictions are given for sunspot minimum and sunspot maximum. The LUF charts are prepare(. 
for the following antenna types: 

Half-wave horizontal dipole thirty-three feet high. 

Half-wave horizontal dipole sixty-six feet high. 

Fifteen foot vertical whip. 

Thirty-two foot whip. 
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Sloping long wire. 

Inverted vee. 

Other antenna types are listed, but this subcourse covers only those antennas that are considered practical from J 

field point of view. 

ASBH-SET-P 

1987 

PREDICTED SUNSPOT NUMBERS (SSN) 

FOR USE WITH 

THE INTERMEDIATE AND SHORT DISTANCE (lSD) 

AND AIR/GROUND (A/G) 

SKY WAVE PROPAGATION CHARTS 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

15 

17 

19 

22 

25 

28 

8 August 198 

NOTE: LIST OF UPDATED SUNSPOT NUMBERS WILL PERIODICALLY BE PROVIDED TO YOUR 
OFFICE. 
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COMPARISONS Of FOT FOR VARIOUS LOCATIONS DURING A Lm-Y 
SUNSPOT CYCLE FOR A DIS TANCE OF 100 MILES DURING JAN-FEB 

CARIBBEAN EUROPE ALASKA 

2.6 2.6 2.1 Night Time Low Frequency 

Transitional Frequencies Every 2 MHz. Between Night And Day Frequencies 

12 

16 6.2 

5.7 

4.7 

Day T~e High Occurs At Different 
Times For Different Locations 

Transitional Frequencies Every 2 MHz Between Day And Night Frequencies 

* Lt - Local time. 

Conclusions : The closer to the equator you are the higher the frequency required because of atmospheric noise. 
The closer to the pole, the lower the noise level, the lower the frequency. Because the sun strikes the ionosphere 
at the pole obliquely not straight on, ionoization is thinner requiring lower frequencies, Notice that there is very 
little difference in frequency day or night at any location, except at the pole, 

FOT - Optimum working frequency. 

Depending on location, frequencies between 2-3 MHz can expect severe interference, especially at night, from 
ship-to-shore stations, therefore these frequencies should be avoided. Tactical transmitting equipment has little 
chance of maintaining communication. See par:.!__:J for other frequency bands to avoid depending on location and 
time of day. Anytime interference is experienced submit a MlJl report and request another frequency. 

Comparisons (on following page) ofMUF, FOT and LUF for various antennas during a low sunspot (SSNlO) 
using the AN/GRC-142 (400 watts), RATT in Europe, for a range of 100 miles. Unlettered LUF is 90 percent, 
B 80-90 percent, C 60-80 percent, D 40-60 percent, E 20-40 percent, and F 0-20 percent reliability. 
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DOUBLET SLOPING INVERTED 15 FT 32 F1' 
LT MlJF FOT 33 f"1' HIGH WIRE: VE:E WHIP WHIP 

04 3.4 2.6 2.0 2.0 2.0 3.4F 3.4F 

12 6.7 5.7 2.0 2.0 2.0 6. 70 4.5 

Transitional frequencies every 2 MHz between the night and day frequencies will be needed to maintain 24-
hour communication. 

Example: Night Time Low FOT 2.6 05 Hours 

Transitional Frequency 4.6 08 Hours 

Day Time High FOT 5.7 12 Hours 

4.6 17 Hours 

2.6 21 Hours 

For nets in which all stations are within 25 miles of one another, a frequency between 12-20 MHz will make the 
best use of the ground wave using a 15-foot whip. 

Using a 15-foot whip you can expect only a 30 percent reliability for a 24-hour period. Using a 32-foot whip 
you can expect only a 50 percent reliability for a 24-hour period. Using a doublet, sloping wire (qumier wave 
long) for inverted vee you can expect a 90 percent reliability for a 24-hour period. Four frequencies should be 
available, anything less, reliability will decrease. A change in frequency at other than the times indicated will 
vary. There will be times when fewer frequencies are required. See p,tt:<i9 for frequency bands to avoid. 

MUF - Maximum Usable Frequency. 

FOT- Optimum Working Frequency. 

LUF - Lowest Usable Frequency. 

SSN10 - Low Sunspot Number 10. 

To make communication more difficult, most of our HF nets have frequencies assigned in the 2 and 3 MHz 
range. On closer examination those assignments are flawed. Even though the LUF is 2 and 3 MHz and should 
work for distances less than 100 miles, look closer, it is for a doublet antenna. We should use the whip's LUF 
not the doublet, because of power loss it's the worst antenna to use. Notice the whip's LUF in most cases is the 
MUF. A better frequency assignment for day and night is 6.7 and 3.4 MHz. Even so the reliability is 0-20 
percent. 

Comparison ofMUF, FOT and LUF for various antennas during a low sunspot (SSN10) using the AN/GRC-
142 (400 watts), RATT. 
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EUROPE: 

DURING J\ LOW SUNSPOT CYCLE 

?.50 MILES 

LOF 

OOUBLE.T SLO!?ING INVERTED 15 FT 32 FT 
LT ~HJF FOT 33' HIGH WIRE VEE WHIP vWIP 

04 3 . 6 2.8 2.0 2.0 2 . 0 3 . 6F 3.60 

12 7.8 6.6 2.0 3.4 3.8 6 . 2D 4.1 

Unlettered frequency 90 percent, B 80-90 percent, C 60-80 percent, D 40-60 percent, E 20-40 percent, F 0-20 
percent reliability. 

Transitional frequencies every 2 MHz between the night and day frequencies will be needed to maintain 24-
hour communication. 

Example: Night Time Low FOT 2.8 04 Hours 

Transitional frequency 4.8 08 Hours 

Day Time High fOT 6.6 11 Hours 

4.8 17 Hours 

2.8 21 Hours 

Using a 15-foot whip you can expect only a 50 percent reliability for a 24-hour period. Using a 32-foot whip 
you can expect only an 80 percent reliability for a 24-hour period. Using a doublet, sloping wire (quarter wave). 
or inverted vee you can expect 90 percent reliability for a 24-hour period. Four frequencies should be available, 
anything less, reliability will decrease. A change in frequency at other than the times indicated will vary. There 
will be times when fewer frequencies are required. See 12ara '1. for frequency bands to avoid. 

Comparison ofMUF, FOT and LUF for various antennas during a low sunspot (SSNlO) using the AN/GRC-
142 (400 watts), RATT. 
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EUROPE. 

DURING A LOW SUNSPOT CYCLE 

500 MILES 

LUF 

DOUBLE.T SLOPING INVERTE:D 15 n 32 F1' 

LT NUF FOT 33 FT HIGH 'iHRE VEE 1-i'HI p i•lHIP 

04 4.6 3.6 2.0 2.6 2.0 4.6f 4 . 6C 

12 10. 7 9.2 5.3 6.0 6.3 8.6 6.5 

Unlettered frequency indicates 90 percent, B 80-90 percent, C 60-80 percent, D 40-60 percent, E 20-40 percent, 
F 0-20 percent reli ability. 

Transitional frequencies every 2 MHz between the night and day frequencies will be needed to maintain 24-
hour communication. 

Example: Night Time Low FOT 3.6 04 Hours 

Transitional Frequencies 5.6 07 Hours 

7.6 09 Hours 

Day Time High FO'l' 9.2 11 Hours 

7.6 16 Hours . 
5.6 18 Hours 

3.6 21 Hours 

Using a 15-foot whip you can expect 53 percent reliability for a 24-hour period. Using a 32-foot whip you can 
expect 87 percent reliability for a 24-hour period. Using a doublet, sloping (quarter wave), or inverted vee you 
can expect 90 percent reliability for a 24-hour period. Six frequencies should be available, anything less, 
reliability will decrease. A change in frequency at other than the time indicated will vary. There will be times 
when fewer frequencies are required. See ~2<:' ra ~ for frequency bands to avoid. 

Comparison ofMUF, FOT and LUF for various antennas during a low sunspot (SSNlO) using the AN/GRC-
142 (400 watts), RATT. 
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EUROPE 

DURING F. LOW SUNSPOT CYCLE: 

750 MILES 

LUf 

DOUBLET SLOPING INVERTED 15 FT 32 FT 
LT MUF FOT 33 E'T HIG!~ WI RE VEE WHIP WH I P 

04 5.8 4 . 5 2.0 3.5 5. 8C 5. SF 5.8C 

12 13.9 12.0 7.2 7 .6 10.5 13.9C 10.9 

Unlettered frequency indicates 90 percent, B 80-90 percent, C 60-80 percent, D 40-60 percent, E 20-40 percent. 
F 0-20 percent. 

Transitional frequencies every 2 MHz between the night and day frequencies will be needed to maintain 24-
hour communication. 

Example: Night Time Low FOT 4. 5 04 Hours 

Transitional Frequencies 7.5 07 Hours 

8.5 08 Hours 

10.5 09 Hours 

Day Time High FOT 12.0 11 Hours 

10.5 14 Hours 

8.5 17 Hours 

6.5 18 Hotlr.s 

4.5 21 Hours 

Using a 15-foot whip you can expect 60 percent reliability for a 24-hour period. Using a 32-foot whip you can 
expect 80 percent reliability for a 24-hour period. Using a sloping wire (quarter wave) or inverted vee you can 
expect 85 percent reliability for a 24-hour period. Using a doublet, you can expect 90 percent reliability for a 
24-hour period. Eight frequencies should be available, anything less, reliability will decrease. A change in 
frequency at other than the time indicated will vary. There will be times when fewer frequencies are required. 
See t. r .. ') for frequency bands to avoid. 

Comparison ofMUF, FOT and LUF for various antennas during a low sunspot cycle (SSN l O) using an 
AN/GRC-42 (400 watts). 
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EUROPE 

DURING A LOW SUNSPOT IN JAN-FEB 

~000 ?-tiLES LUF 

DOUBLET SLOPING INVERTED 15 FT 32 FT 

LT l•lUF FOT 33 FT HIGH WIRE VEE i'lHIP WHIP 

04 6.9 5 . 4 5.4 6.9C 6. 9C 6 . 9E 6.9C 

10 17.2 14.6 1 2 .8 13.4 13.2 17.2C 17.28 

Unlettered frequency 90 percent, B 80-90 percent, C 60-80 percent, D 40-60 percent, E 20-40 percent, F 0-20 
percent reliability. 

Transitional frequencies every 2 MHz will be needed between the night and day frequencies to maintain 24-
hour communication. 

Example: Night Time Low 'FOT 5.4 04 Hours 

Transitional Frequency 7 . 4 06 Hours 

9.4 07 Hour s 

11.4 08 Hours 

13.4 09 Hours 

Day Time High FOT 14.6 10 Hours 

' 11 . 4 16 Hours 

9.4 18 Hours 

7 . 4 19 Hours 

5.4 21 Hours 

ine frequencies should be available, anything less, reliability will decrease. A change in frequency at other 
than the time indicated will vary. There will be times when fewer frequencies are required. See p~J:J~!. for 
frequency bands to avoid. 

Comparison ofMUF, FOT and LUF for various antennas during a low sunspot (SSNlO) using an AN/GRC-42 
(400 watts). 
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LT MUF 

04 

10 

8.9 

22.1 

EUROPE 

DURING A LmoJ SUNSPOT 

DOUBLET 
FOT 33 FT HIGH 

6.9 

18.8 

8.9D 

19.9 

1500 HILES 

LUF 

SLOPING INVERTED 15 FT 
vHRE VEE WHIP 

8.90 

20.2 

8.90 

22.1 

8.9F 

22 .lD 

32 FT 
WHIP 

8 . SF 

22.1B 

Transitional frequencies every 2 MHz will be needed to maintain 24-hour communication for 90 percent of the 
time. 

Example: Night Time Low FOT 6.9 04 Hours 

Transition Frequencies 8.9 05 Hours 

10.9 06 Hours 

12.9 07 Hours 

14.9 08 Hours 

16.9 09 Hours 

Day Time High FOT 18.8 10 Hours 

16.9 14 Hours 

14.9 16 Hours 
' 

12.9 17 Hours 

10.9 18 Hours 

8.9 19 Hours 

6.9 22 Hours 

Twelve frequencies should be available, anything less, reliability will decrease. A change in frequency at other 
than the time indicated will vary. There will be times when fewer frequencies are required. See J2.;!f_<l.Y for 
frequency bands to avoid. 

Comparisons of frequencies for day and night, high and low sunspots, winter (Nov-Dec), and summer (Jul-Aug) 
in Europe for a distance of 100 miles. The letter F indicates 0-20 percent reliability. 
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Conclusions: Frequency assignments should be the FOT, but hundreds of nets require the same FOT, therefore 
assignments will be from the FOT to the whip's LUF. The 15-foot whip's LUF is used because it's the worst 
antenna to use. We are forced to use it at times (mobile and mobile-at-a-halt). The whip should be bent at a 450 
angle to make use of the sky wave. Frequencies (C-"-t .,_.~J) should be avoided, or expect severe interference 
resulting in no communication. Submit an interference report, and request another frequency. Ionization levels 
change from day to night, winter to summer, and from high to low sunspots causing frequency assignments to 
vary over the 11-year cycle. 

• C I ) A nighttime low frequency would vary over 11 years from 2.0 to 4.9 MHz. 

• (2) A daytime high frequency would vary over 11 years from 5.4 to 11.9 MHz. 

•(3) To maintain day and night, 24-hour, 90% reliable communications over an 11-year period you would need 
frequencies from 2.0 to 11 .9 MHz. For every 2 MHz increase in frequency, a frequency would be needed. 

EXAMPLE: 2.0 MHz 

4.0MHz 

6.0 MHz 

8.0 MHz 

10.0 MHz 

11.9 MHz 

A total of six frequencies would be needed to maintain 24-hour 90 percent reliable communication for a 
distance of 100 miles over an 11-year period. 
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IMtenna Take oft Angle 1 .Requ1.red Hor1zonta_l_ D~stance F.rom Trees~J 
I I 
I 11 miles t 
I 1 mile f 
I 6 IDiles J 
J 2,000 feet l 
i 1, 600 feet I 
l 1~200 feet I 
t 1,000 feet I 
l BOO feet l 
l 660 feet l 
1 560 feet I 
I 475 feet l 

: oo 
l 5° 
I 10° 
I 15° 
I 20° 

. J 25° 
I 30° 
I 35° 
I 4oo-
l 45° 
I soo 

J 344 feet l 
I 210 feet I 

J 60° 
I 70° 

J lOS feet f 
' 0 ' J 

J aoo 
I 90° 

a Assuming a 30-foot high antenna and 75-foot high trees, any vegetation (trees, bushes, grass, etc.) below or 
immediately in front of the transmitting antenna will absorb radio energy causing a weaker received signal by 
the distant station(s). The best transmitting site is a wet plowed field. The wet soil reflects the radio energy 
instead ofhaving it enter the earth and being absorbed. Too much emphasis is placed by commanders on having 
all vehicles well into the tree line. A compromise must be made if satisfactory communication is to be 
maintained. A camouflaged HF set in a clearing with proper separation from trees that match the take-off 
angle/distance requirement is a must. Remember not enough coax is issued with the HF set to allow the vehicle 
to be in tree line and keep the antenna separated from the trees. 

FOR LONG 
DISTANCE 
HALF WAVE 
ABOVE GROUND 

FOR SHORT 
DISTANCE 
QUARTER 
WAVE ABOVE 
GROUND 

I 
~ 
i 
I 
I 
t 
I 
J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

TAKE-OFF ANGLE VS DISTANCE 

I 
TAKE-OFF I DISTANCE 
ANGLE J F2 Region 

t 
~DEGREES! ~ Da:z:!t_m e _ 

tnl I 
T t 

0 r 2,000 I 
5 J 1 ,500 r 

lO J 1,200 I 
15 I 900 I 
20 , 700 I 
25 1 600 ~ 
30 I 450 I 
35 I 400 I 
40 J 350 I 
45 I 275 I 50 250 
60 1 160 ~ 
70 , 95 I so I 50 I 
90 ' 0 I 

I 
F Region 1 2 l 
Nig:ntti.me I 

nd I 
2,800 ! 
2 ,300 I 
1,900 I 
1,400 J 
1,100 ' l,OOO 1 

825 I 
700 I 
600 ! 
500 -r 
425 f 
275 I 
160 , 

90 t 
0 t 

Comparisons take-off angles for various frequencies for the same antenna height. Notice that for short distance 
(250 miles) communication A 3 and 9 MHz will work fine, but that an 18 MHz will skip over the receiving 
station. A better antenna height would be 15 feet. For short distance communication we want our radiation 
pattern basically straight up (50 degrees either side of straight up). 
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TAKE-OFF ANGLE 

0.5 0 ·5 -10 ·6 0 05 
3MHZ 

9MHZ dBi 

........... . 18MHZ 

HALF-WAVE DOUBLET ANTENNA VERTICAL PATTERN, HEIGHT 25 FEET 

Comparisons of take-off angles for various frequencies for the same antenna height. Notice that for short 
distance communication (0-250 miles) only the 3 MHz frequency has a radiation pattern virtually straight up. 
The 9 and 18 MHz frequency will skip over the receiving station. 

TAKE-OFF ANGLE 
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1.5 10 0 5 0 · 5 -10 -5 0 

3MHZ 

9MHZ d8i 

.. ... ... ,. 18MHZ 

HALF-WAVE DOUBLET ANTENNA VERTICAL PATTERN, HEIGHT 40 FEET 

2.0 \ .5 1.0 0.6 0 0.6 1.0 1.5 2.0 

HALF-WAVE DOUBLET RADIATION PATTERN, QUARTER WAVE HIGH 
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2.0 1.5 1.0 0.~ 0 0.5 1.0 1.5 2.0 

WHIP RADIATION PATTERN 

Comparisons of doublet and whip antenna take-off angles. Conclusions: For short range communications (0-250 
miles) the doublet is best for two reasons: Better take-off angle (straight-up) while the whip's lower take-off 
angle skips over the receiving station. Also a 15-foot whip has a power loss because it doesn't equal the correct 
length for frequencies below 15 MHz. The 32-foot whip also has a loss for frequencies below 7 MHz. Even for 
frequencies that a whip has no loss, a whip's low take-off angle eliminates its use for short distance 
communication. 

CONCLUSIONS 

The doublet is the best reliable (90 percent) antenna up to 1,000 miles; 1,000 to 1,500 miles it's 50 percent 
reliable. 

The 15-foot whip is 20 percent reliable overall. Best hours 10-12 hours. Worst hours 22-06. 

The 32-foot whip 50 percent reliable overall. Best hours 08-18. Worst hours 18-06. 

15/32-foot whip best perfonnance range is 250 to 500 miles. 

GROUND-WAVE PROPAGATION CHARTS (GW BOOK) VOLUME 2 CENTRAL EUROPE 

Ground-wave communications can be used in all areas of the world. Charts have been prepared covering a two
month period and for the following antennas: 15-foot whip, 32-foot whip, and sloping wire. Four types of earth 
conditions are considered: poor ground, good ground, fresh water, and sea water. 
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Comparison of ground wave ranges for various antennas using RA TT in the AN/GRC-142 ( 400 watts). 

Scott Gillis 
Systems Administrator 
Toyota of Waldorf 
2600 Crain Highway 
Waldorf, MD 20601 

301 .843.3700 (Receptionist) 

240.607.1220 (Direct Line) 

301.399.0439 (Cell Phone) 
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164 *22*23122 (Nextel Direct Connect) 

No trees were harmed in the sending of this message, but a large number of electrons were terribly inconvenienced 
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