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Design Handbook for High Frequency Radio Communications Systems
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1. This Military Handbook is approved for use by all Departments and Agencies of the
Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which
may be of use in improving this document should be addressed to: Commander, U.S. Army
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1. SCOPE

1.1 Purpose. This handbook provides uniform guidelines for communications engineers and
staff planners for the implementation of high frequency (HF) radio communications systems.

1.2 Application. This handbook applies to Government-owned and -operated high frequency
radio systems and equipment, Government-owned and contractor-operated high frequency radio
systems and equipment, and other high frequency radio facilities provided by DoD resources.

1.3 Objective. This handbook provides general technical information pertaining to facility and
system design of manpack, vehicular, transportable, and fixed station high frequency radio
communications systems, receiving and transmitting sites, and antenna instailations.
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2. REFERENCED DOCUMENTS

2.1 Government documents. '

., N . . s 3

20001 onciﬁczuions. standards, an(i handbooks. Uniess otherwise spemtied the foiiowing

~pecifications, standards, and handbooks, of ihe issue listed in ihat issue of the Depariment of
Defense Index of Specifications and Stardar'l° (DoDISS) specified in the solicitation, forma part of
this handbook to the extent specified herein
STANDARDS
FEDERAL
TYNENY O Y AT ral! TolS A | N P m
KD-STD-1037 iossary of Telecommunicaiion Terms
MILITARY
MIL-STD-188-100 Common lLong Haul and Tactical Communication
System Technical Standards
MIT-STD-188-110 Equipment Technical Design Standards for Common Long
11 | VAL A i 1 | Y A 1
Haul/Tactical Data Modemns
MIL-STD-188-114 deetrical Characteristies of Digital Interface Circuits
MIL-STD-188-141 Interoperability and Performance Standards for High Fre-
quency Radio Equipment
MIL-STD-188-148 {S) interoperabiiity Standard for Anti-jam {Aj) Commu-
e THi b B D1 (9 9N MILA (T
THCAations 11 ine lllg” I ll"lu(flll,y Danua (4-ou viriL) \u)
MIT-STD-188-200 System Design and Engineering Standards for Tactical

Communications

MIL-STD-188-203-1 Subsystem Design and Engineering Standards for Tactical
Digital Information Link (FADIL) A

ATLE CT'IY 100 21N . PRI | SRR Lvsivanring Standacde e Thaoh

VL -O1L2-100-01Y DUDSYSLEI 176518 ana LOZINeering swanuadaras 1or 1oin-
nical Control Facilities

MIL-STD-188-317 Subsystem Design and Engineering Standards and Equip-
ment Technical Design Standards for High Frequency
Radio

Mii-STi-188-323 Sysiem Design and E ngmoormg Standards for f.ong Haul
Nl T Cision Suaterm Parformanon
l/l;;ll(ll ll(lll‘llll\ o ’y’l LD 1 Cilulinialntuoe

MIL-STD-461 Flectromagnetic Emission and Susceptibility Require-

ments for the Control of Electromagnetic Interference

[
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MIL-STD-462 Electromagnetic Interference Characteristics, Measure-
ment of

MIL-HDBK-411 Power and Environmental Control for the Physical Plant of
DoD Long Haul Communications

MIL-HDBK-419 Grounding, Bonding, and Shielding for Electronic Equip-

ments and Facilities

2.1.2 Other Government documents, drawings, and publications. The following other
Government documents, drawings, and publications form a part of this handbook to the extent

specified herein.

ACP 190, U.S. Supplement-1 (B), Annex D, “Guide to Frequency Planning”

hY on tc1 : : . ”»

National Bureau of Standards, Monograph 80, “lonospheric Radio Propagation
FAA Advisory Circular, AC 70/7460-1, Obstruction Marking and Lighting

Federal Aviation Regulation, Part 77, “Objects Affecting Navigable Airspace”

U.S. Army Radio Propagation Agency, Fort Monmouth, NJ, Technical Report No. 4, 1964

North Atlantic Treaty Organization (NATO) Standardization Agreements (STANAGs)

STANAG 4203 Technical Standards for Single Channel HF Radio Equip-
ment

STANAG 5009 Minimum Military Characteristics of Radio Frequency
Equipment for Naval Gunfire Support of Shore Forces

STANAG 5031 Minimum Standards for Naval HF, MF, and LF Shore-to-
Ship Broadcast Systems

STANAG 5032 Basic Technical Characteristics for SSB Single Channel
Voice Communications Between 1.5 and 30 MHz in the
Mobiie Services

STANAG 5035 Introduction of an Improved System for Maritime Air

Communications on HF, LF, and UHF

Quadripartite Standardization Agreements (QSTAGs)

A D

QSTAG 263A Standards to Achieve Interoperability of ABCA Armies
High Frequency Combat Net Radio Equipments

NTIA Report 85-173, “Atmospheric Radio Noise: Worldwide Levels and Other Character-

istics,” National Telecommunications and Information Administration



(Army) FM 11-65, High Frequency Radio Communications

o \ w2 - B ~

(Army) M 11-486-7, (Al) 1T.0. 317.-10-22, Eiectrical Power Stations tor Telecommunications

l‘ dLIll(l(,b

(Armv) FM 11-486-24, (AF) T.0.317-10-25, (Nnvv) 0969-1.P-174-1010, l):mhl Data Trans-
mission [‘.rror l’rotc(:h(m

(Copies of specifications, standards, handbooks, drawings, and publications required by contrac-
tors in connection with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)

3
[+8
o

>

3

—

Ill\l: ; nc rl‘l’\ﬂ fn“ yyg “
Oil A€ 1C1H0W 0K

no i
\,uslv--o. Y 111

f I3
specified herein. Unless otherwise specified, the issues of the documents which are DoD adopted

shall be those listed in the issue of the DoDISS specified in the solicitation. The issues of
documents which have not been adopted shall be those in effect on the date of the cited DoDISS.

U‘Q

Report 322-CCIR, “World Distribution and Characteristics of Atmospheric Radio Noise.”

Documents of the Xth Plenary Assembly, Internationai Radio Consuliative Commiiiee,

con 1062
TVd 1 TUD

Recommendations and Reports of the CCIR, 1982, XVth Plenary Assembly, Geneva 1982,

International Telecommunications Union, Geneva 1982

Recommendation 339-5 Bandwidths, Signal-to-Noise Ratios and Fading Allow-
ances in Complete Systems

Recommendation 455-1 Improved Transmission Svstem for HF Radioteleshone

Recommendation 455-1 Improved Transmission System for HF Radiotelephone
Circuits

Report 354-4 Improved Transmission Systems for Use Over HF Ra-

diotelephone Circuits

ANSI (:2-1981, National Electrical Safety Code, institute of Eiectrical and Eiectronics Engi-
) 1. NI vV oL NV
neers, ine, INew 10rK, (v
(Nongovernment standards are generally available for reference from libraries. They are also
(hslnhul( «d among nongovernment standards bodies and using Federal agencies.)

2.3 Order of precedence. in the event of a conflict between the text of this handbook and
Federal or military standards, the text of the standard shall take precedence.



3. DEFINITIONS

3.1 Terms and definitions. The use of telecommunications terms in this handbook will be as
defined in Federal Standard 1037. Additional terms are defined below.

3.2 Additional terms and definitions.

a. Algorithm. A prescribed set of well-defined rules or processes for the solution of a problem
in a finite number of steps.

b. Automatic load control (ALC). A method of automatically maintaining the peak power of
a sing}e-sideband suppressed-carrier transmiiier ai a neariy consiani level.

c. Counterpoise. A conductor or a system of conductors (radial wires), elevated above and
insulated from the ground, fornung alower system of conductors of an antenna. A counter-
poise is frequently employed when an antenna requiring a ground surface is positioned over
a poorly conducting surface such as dry sand. The counterpoise, in this case, serves as the
ground surface.

d. Dielectric constant. That property which determines the electrostatic energy stored per
unit volume for unit potential gradient.

rector eiement. A pdra%m( element i

PP [ [ sl ) AR sl
tenaea io llll,lbd\b tne aired ll\r’l? 5;11[1 O

e
=) CJ

ated forward of the driven element of an antenna,
: L

f. Gaussian noise. Unwanted electrical disturbances or perturbations described by a probabil-
ity density function that follows a normal law of statistics.

.

g. Ut’()["db'l(‘ 1C li(’ ( *A\ conve “li()“dli/( H N \\’l“l“( lll( dl d[)pl()xl"ldlll)“ Ul i
netic field having one diameter of the earth as its axis.

B
oIS mag-

h. lonization. The transformation of neutral particles into electrically charged ions by high
energy radiation such as light or ultraviolet rays.

i. Ionospherie storm. An ionospheric disturbance associated with abnormal solar activity
nd characterized by wide variations in the state of the ionosphere from normal, including
urbulence in the F region and increased signal absorption.

j- Monopole antenna. A vertical antenna with a voltage node at the lower end and a current
node at the top, that is normally 0.25 wavelength at the operating frequency.

k. Phase reversal. A 180 degree change in phase such as a wave might undergo upon
reflection under certain conditions.

placed after a frequency converter, rf exciter, or other device, that
nael n !l\n mnlitide of ot I'\pr

a
11l -uluuuux Ui Cuali s,

m. Preselector. A device placed ahead of a frequency converter, receiver input, or other
device, that passes signals of desired frequencies and reduces others.

 Pundiiat datantas A tune ol hotorodune dotoactaor whie re low dictartinn and intormaodi.
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4. GENERAL PRINCIPLES

4.1 HF radio communications systems.

slgnals on an rf carrier [hmugjh the process ul m odulallon lt lhen dmphflc the moduldlcd rf
signal for transmission. The transmission line feeds the amplified signal to an antenna which
radiates corresponding electromagnetic energy into the propagation medium. The antenna on the
recoiving end intor(-epm rl"energy and passes it, through its transmission line, to the receiver. The
receiver selects the desired rf signal and demodulates it to recover the original electrical signals.
Figure 1 is a block diagram of the basic HF radio communications system.

4.1.2 HF radio principles. This section presents HF radio principles by starting with the
radio-wave propagation phenomena. Next, modulation theory is presented, since it is modulation
which makes the transmission of information by radio waves possible. The remainder of the
section deals with equipment for use in HF transmission, including the advanced, high-
performance equipment which greatly increases the effectiveness of transmission at HF.

4.2 HF radio

s l{:lllil) wave Ill‘l\l’\‘ll’l' on o
(SRR ARSIV LS PP Upapation &
Vav

¢ and skywave. The groundwave mec hdmsm ¢ nab]('s shorl range coms-

mec hamsms (.r()und
munications, while the skywave mec h‘mmn enables global-range communications. In the
groundwave mechanism, the radio waves travel on or near the surface of the earth. The skywave
mechanism depends on radio wave refraction in the lonosphcr(- (Some texts refer to the
1onospheric propagation mechanism as reflection from the ionosphere.)

1.2.1 Groundwave.

't com g
dnd ground-reflecte d wave. /\ fmlrth component, a tropospheric-re fm( e d wave, sometimes oc¢-
curs in conjunction with air density gr adlontb‘ This 1s lllustrdtcd in figure 2.

1.2.1.1 Surface wave. The surface wave component moves along the surface of the carth.
Therefore, the conductivity of the surface is a primary factor in attenuation of the surface wave.

T S RS TR
rhed }n tne earin i ac

Fnergy is ordance with its conductivity. Absorption increases with
frequency and limits useful surface-wave propagation to the lower HF range. Vertically polarized
waves propagate better over the carth’s surface than horizontally polarized waves hecause they
incur lower attenuation. (The polarization of radio waves is d(hmd by the orientation of the
electric hines of force in the electromagnetic field relative to the surface of the carth. The

polarization with which radio waves are “launched’ is determined by the transmitting antenna.)

4.2.1.3 Ground-reflected wave. A portion of the propagated wave is reflected from the surface
of the earth at some point between the transmitting and receiving antenna. Reflection causes a
phase ("h;mge of the transmitted s‘ignui The phus(‘ ('hung(* results in a reduction or enhancement of

uln' C umuuuu e

the other components. The relative times of arrival are, in turn, de :;pendent upon the relative path

7IV( (l ‘ﬁlglldl, (l(’p( 41 lg on ln(‘ [l"l(‘ ()I (lrrn(u (H [n(‘ r(‘ll(‘('[(‘(] mgndl re l.llIV(’ to

distances traveled by the wave components.
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FIGURE 2. Groundwave components

4.2.1.14 Refracted tropospheric wave. The refracted tropospheric wave (not to be confused with
the normally refracted direct wave) results when abrupt differences in atmospheric density and
refractive Illlli x exist between ldl"(' Q1T Masses. This tvp( of refrac Il()n, associated with weather

fronts, 1s not nnrm.ally sxgnnu ant at HE

L2015 !"r#qua-m‘}‘ !(‘i At fl‘m,}llvrn‘if« below about

5Milz, the surface wave is favored because the ground b(‘h‘n«w asa conductor for the electromag-
Above 10 MHz, the ground be hd\'t's as a dielectric. In the region below 10 MHz, th(‘

netic ene rEv. :
existing }mlh sround conductivity is a critical factor. As a general rule, surface waves travel best
over sea water, Table T provides a rough assessment of the relative conduetivity of various surface

tyvpes. Asfre qm netes ‘\p[n oach 30 Miiz, losses suffered h\ the surface wave become excesstive and

tr: lll\llll\\]()ll Is ]I()N\HH!‘ [ l]l\ D\ means ()l l]lr( ol waves.

Conduce n\nlv of various types of surfa

TABLE L

Tvpe of Surface Relative Conduetivity
Sea water >ood
Fresh water Fair
Soil Fair
Rocks Poor
Desert Poor
Jungle Bad
Archie Bad
8
[ 1 . — — = — =

100N
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4.2.2 Skywave. Since skywave propagation results from radio wave refraction in the ionosphere,
this mechanism is gonerally referred to as xonmpherm radio propagation. The ionosphere is the
reglon of the atmosphert' in which ionization takes pla(,e with sufficient mu‘nsny to prodm e a

gmncani ion GCnSl[y gramcn[ WIIn al[l(u lC T'ne anSliy graalen[ 1s manln‘su‘u as a grauu.n
g0 i radin rafrantive indoav whinh nanicog radin wavoee at HE v~ bha eafrantad
I(.l IEC 1 1dUiv ITLHIAaLllve 1HIUucA, wiliCn Causes raaio waves at 111 (0 pe reirdaciea.

4.2.2.1 Tonospheric layering. Solar radiation (ultraviolet light and x-rays) and, to a lesser
extent, cosmic rays impinge on ionospheric gases and cause ionization. Since these ionization
sources vary in energy level, they penetrate to different depths of the atmosphere before causing
ionization. The natural grouping of energy levels results in distinct layers being formed at
different altitudes. hgure 3illustrates lonosphenc layermg and glves the generally accepted layer

LY

1. _ PR, N

a *SIgnauonS. INOt SnOW" In me llg 1S Ine Gensuy gramen[ Wl[n]ﬂ !he lavers lne deanlV
innraacas with altitesda 1~ a0 s wivmi: ..,‘l i than danrancnc iy e [N N .
111 CantTo willl 1ituaGe o a lldAll 1Uimn leu“, inen aecreases or l‘,l“d1115 (()llbldlll UP lU l.llL IICKl
higher laver if anv

nigner ayer, il any.

4.2.2.2 F layer. The highest of the ionized regions is called the I layer. It ranges in height from
130 to 460 km and is the primary medium for long distance HF propagalum If sporadic
ionospheric disturbances are ignored, the height and density of this region varies in a predictable
manner diurnally, seasonally, and with the l]-year sunspot (‘y('le Under normal conditions it
exists 24 hours aday. At night, the layer has a single den snty peak and is called, simply, the F laye

Nvive thin daw thn alicormtinm of cmlon ooy eacislie T thio fomnntion £ 0 P B
i’u l[ls Lne de, 1re diydul i)ll()ll O1 SO1ar ernc l%y reoHulLd l[l e 10rmanion ot lV\(J Ul‘)ll[l(l (Jcllbll)
peaks. The higher and most important of the twois called the Fa layer. It ranges in height from 200
to 460 km. The lower peak, known as the Fy layer, ranges in height from 130 to 300 km and seldom

N J
is predominant in supporting HF radio propagation. During davtime, the F layers increase in
densny, reaching a maximum several hours after local noon. Then they decrease exponentially
from the maximum, reaching a combined minimum during the night.
" radio propagation is the E idyf‘r The avemgc
1L ST :

CL.

F—"!J

0 ) I co

nd ceases shortly after sundown. Irregular ¢ oud like layers of ionization, called %uoradu
E, often occur in the region of normal E-layer appearance. These areas are highly ionized and are
sometimes capable of supporting the propagation of frequencies within and well above the HF
range.

sunrise

densnly and, hence, the refra( tive mdo
of the 1on0€ph(>n(‘ lay('r increases with hmght up to its maximum. The gradual refraction
can be viewed as equivalent to areflection from an abrupt discontinuity in refractive index,
at a height referred to as the virtual height. This is illustrated in figure 4.

9



N

e \
SNy 130-400 km ———— = )
M .

“)':.‘k \\\l\’;{\ n{\:'l‘
AT AR AN
fl\,f!:'\%\.\ I
-" . > - ,': LR
NSIGE Y
RO 3L
NSRS OANN
1{«(\#';«%’“\ Il&- A
L AR RALAV
w}\ﬁ\‘ﬂ:\}\ M
AL SRR
O e A
'%.%‘PQ\‘F,’-.,% AN
A vel i
RN/ AR
PEANEN NS
NN \} "r
SNNSY AN
RAES ) )
N ?\ P A \\b‘ :‘“ 7
W s hel
\xk. ‘\ iﬂ{\ﬁ\}%&\\’ A '\‘:‘B\}‘;}\@J‘J’ h %
‘-‘. A N Rl
\‘i\‘ :g%&.\‘}");'\& DR %\_V‘.}t {\\fﬁ}l A \%S
NIGHT A PN N ey DAY

NOTE : NOT DRAWN TO SCALE.
FIGURE 3. Structure of the ionosphere.

b. The highest frequency that will be reflected at vertical incidence is called the critical
frequency, fc. Through an application of Snell’s L.aw (see National Bureau of Standards
Monograph 80), the highest frequency, f, that will be returned to earth from oblique

incidence is given by

i = f.sec @

,.\
N
T
=

10
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where 8 1s the angle of incidence, measured from the normal to the plane of the layer. This
r(*lulionship known as the secant law, shows that at ohliquo inciden(‘e, the ionosphere can
refleci much higher lrf‘qucncms than ai veriical Ul()rlndl) incidence. 1i can also be seen that
]
!
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FIGURE 4. Concept of virtual height.
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4.2.2.6 Maximum usable frequency. The highest frequency at whicl
to earth is, of course, ithe maximum frequency that can be used

]
L 56ints it Thic f
DEIWEeEn two poiiiis ata specinic time. This irequendsy is '(‘r"“:‘d

(MUF). Because the ionization of the ionospheric layers 1s extreme]v varlahl MUF must be
statistically defined. The accepted working definition of MUF is the hlghvs( fr(‘quen(‘v predicted
to occur via a normal reflection from the Fr layer on 50 percent of the davs of the month atagiven
time of dav on a specified path.
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4.2.2.7 Frequency of optimum traffic. The ionospheric layers, particularly the D and Elayers,
absorb rmim-frvqm‘ncv (rf') energy as the radio waves pus«; thr(mgh This ui)s‘orpti()n is higher at
the lower frequencies and is inversely propornunal to Im- squau' of the frequency. Consequentiy,

sl NATTL 'L AT T

HE NN T
II. lb ll(,\lldl)llf 1L uUs>C > llll Wrur., 10e viur

defined, however i Y , a frequency below the
MUF ts chosen to nr()ndo a margin for thc daily variations in MUP This frequency, called the

frequency of optimum traffic (P() I}, is usually ¢ mnplm d as 0.85 times the m()nthlv modmn MUF.
Statistic .1l|\ the FOT so computed lies be low the actual daily MU 90 percent of the time. It
should be noted that the FO'T bears this statistical relationship with the MUF and is not caleulated
as lh(' ['rcqucncy which will provide the maximum received signal power. Sophlslicut(‘d propaga-
on prc(m tion programs do not use the 0.85 facior, but instead Lompule the FOT Olre(lly from

TN S AN PN
wriicrn trie et

4.2.2.8 Lowest useful frequency. The lowest useful frequency (LUF) is the statistically
calculated lowest frequency at which the field intensity at the receiving antenna is sufficient to
provide the required sngna“o-nonse ratio (SNR) on 90 percent of the undisturbed days of the
month. Unlike the MUF and FOT, the LUF is partly dependent on the transmitter power output

and on the noise levels at the receiving station.

{1on oceur as [h(‘ re ’\lll[ ()l certain irre gllldrl[l( S dll(l transient (()I](l][l()[l% in [lll‘ l()Il()Spl]( re. i“h(’

oot carermidioamt oF el NP da Z,...... N L’ \ 2 I DN [N
HHiusSt .\l;:"lllll’udlll WL tiuso llll\,lll(lll)\“ l'l [‘l](lb(\ll\’ll lll( Cridi ll ni> llll \}]llltlllll 1. \l:\}, ‘llll(“ il |l)||(J
spheric disturbances (SIDs) | ionospheric storms, polar cap absorption, and spread-For spread-E
(depending upon th(' ionospheric laver affected)

1.2.2.9.1 Sp()rudi(' E. Inaddition to the relatively regularionospheric lavers (DU E and F) | there
arcanumber of irregular layers of transient oceurence. The significant irregular reflective laver,
from the point of view of HF propagation, is known as sporadic F (k) since it oceurs in the same
altitude region as rt*gulur I 1t is theorized that Ky oceurs as a result of 1onization from high
aititude wind shearin the presence of the magne tie field of the carth, rather than from tonization

r

1 [ R A
I)\ \()ldl \Illll « U\lllll Ic lllilil()ll. ATeds 01 lmlé.',( i ldll\ I(l\l Ulll\ d l( W ll()lll\.. dll(l move dl)()lll ldlll(ll\
1 .
¥

1
fl"ll[( \ltlmu;,h l‘ \lsdl“Il u][ to pn 1]1( 11t can ln use (l l().ul\ antage wh( nits [nvs( nee is |\n(mn

It has ln ‘en found that close 1o the equator, Eoceurs primarily durmty the dav and shows little
scasonal variation. In the auroral zone, by contrast it is most prevalent during the night and again
shows little seasonal variation. In middle latitudes, E  occurrence is subject to both seasonal and
diurnal variations. in the

se fatitudes, it 1s more prevalent in local summer than in winter and

NPT RO Y <
T Uudy llldll dl Ill;’ i

1) i b all [P
WNEBAFDe (Y 717 LALL LULAILY WD L
frnrn a fpw minutes to several hours. All radio links oner:

daylight side of the earth are affected. The majority of SIDs are assoc mted wnh 50ldr ilare
The srefore, the occurrence of SIDs is related to the 11- year sunspolt cvcle. The prmmry cause of
the propagation disruption (fadeout or blackout) is a sudden, abnormal increase in the ionization
of the D region. The region then absorbs all the lower range of HE frequencies and partially
absorbs the higher frequencies.
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FIGURE 5. Anomalous propagation by sporadic E.

4.2.2.9.3 lonospheric storms. lonospheric storms are the result of sudden large increases in
solar activity. This increased activity can produce large variations in critical frequencies, layer
heights, and absorption. The storms may last from several hours to several days. The intensity of
the storms varies and the effects usually extend over the entire earth. The storms usually follow
solar-flare-initiated SIDs by anywhere from 15 minutes to 72 hours. lonospheric storms also
occur during periods of very high sunspot activity without SIDs. During the storms, ionospheric
propagation is characterized by low received signal strengths and flutter-fading, a form of fading
that is especially deleterious to voice communications. During the first few hours of a severe
ionospheric storm, the ionosphere is in a state of turbulence, layer-forming stratification is



MIL-HDBK-413

destroyed, and propagation is, consequently, erratic. During the later stages of severe storms, and
throughout more moderate storms, the upper part of the ionosphere is expanded and diffused. Asa
result, the virtual heights of the layers are much greater and the maximum usable frequencies
much lower. Absorption of radio waves in the D layer is also increased.

42294 Polar ea n 1bs(grn 1on. When h!gh (n(,rgy pro[‘)ns are deflected toward the Do olar
regions bv the magnetic fie ld of the earth, D-layer ionization in the area is increased. lhls causes

severe absnrptmn of radio waves traversing the polar regions. l h(t resultant attenuation of signals
may last for several days, especially when the polar cap is in daylight.

4.2.2.9.5 Spread-E/F. Irregularities in ionospheric surfaces scatter, or defocus, radio waves.
When this occurs in the F layer, the disturbance is called spread-F; in the E layer, spread-E. The
surface abnormalities occur as a result of random motion within the ionized layers and changes in
ion density profiles.

1.2.2.9.6 Nueclear effects.

a. HF radio using ionospheric propagation is more susceptible to the disrupting effects of
nuclear explosions in the atmosphere than is any other radio propagation mechanismin any
other frequency band. This is due primarily to catastrophic changes in the structure of the
ionosphere. Such changes occur minutes after the explosion and last for several minutes to
several days. When explosions occur on the day side of the earth, continuing ionization by
the sun can restore ionospheric layers in as little as ten minutes. When the explosions occur
on the night side, this major ionization source is blocked by the earth and the effects last
until daylight. Decaying effects of the explosion, however, may reappear each night for
several nights. The primary effects on skywaves are:

(1) Greatly increased attenuation through absorption in the D layer.
(2) Loss of F-layer propagation paths, due to depletion of electrons in the layer.
(3) Anomalous propagation modes caused by irregular ionization enhancement.

For nuclear explosions below about 100 km in altitude, the predominant effect is signal
absorption. Above about 100 km, the major effects are refraction and dispersion.

b. Kiloton-yield bursts below about 30-km altitude have no appreciable effect on ionosphoric
propagation. Megaion yields, on the other hand, either form a gamma-ray-induced D layer or
augment an existing D layer, leading to mcr(*dscd signal absorptlon Moreover, a shock-
driven acoustic wave distorts the structure of the F layer, in turn distorting the refraction
geometry and possibly causing loss of propagation path. Both effects occur within about five
minutes of the explosion. The effects of low-altitude bursts are illustrated in figure 6.

¢. Atintermediate altitudes of 30 to 100 km, yields near a megaton are important. The effects
just described for low-altitude bursts are magnified and four major new effects are produced:

_—
o
e

(2) Free electrons from the burst increase D-layer absorption.
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(3) Electrons in the F layer are depleted.
(4) A fireball-driven acoustic gravity wave distorts the ionospheric structure.
These effects are illustrated in figure 7.
d. In addition, three other effects are sometimes troublesome (see figure 8).
(I) Wave-reflection from the fireball, setting up new radio paths.

(2) A conjugate D layer being formed at some distance from the explosion. (Electrons
kicked upward from the D layer in the vicinity of the burst travel along the geomagnetic
field to another location, where they form the conjugate D layer.)

(3) A short-lived plume of plasma (gas made up of charged particles, in this case electrons)
emanating from the fireball and aligned with the geomagnetic field produces a refract-
ing/reflecting layer at a very high altitude, producing anomalous propagation paths.

e. A higb-altitude explosion, above about 100 km, exacerbates all of the effects mentioned to
this point, as well as two other important effects:

(1) An extensive, long-lasting, structured plasma plume at a very high altitude which
produces anomalous propagation paths.

(2) A debris patch near and below the explosion plus a conjugate debris path formed by debris
streaming along the geomagnetic field. This increases signal absorption in the area and
produces scattering.

These effects are illustrated in figure 9.
4.2.2.10 Multipath propagation.

Most HF antennas radiate over a broad vertical angle. As a result, the radiated energy
impinges on one or more ionospheric layers at different angles of incidence. The refracted
waves, then, follow different paths. Some paths may undergo reflection from the ground and
return to the jonosphere one or more times before reaching the destination. Such multihop
paths, being phvsu aally longer, delay the waves traversing them substantially relative to a
single-hop path. Consequently, the received signal is dlspers?d over time. Thisis particularly
deleterious to digital transmissions at high data rates, since it causes intersymbol interfer-

ence. The multipath propagation mcchamsm is illustrated in figure 10.

b. The difference in the time of arrival of waves traversing the different paths is called
multipath spread. Up to a point, multipath spread is inversely related to distance, because of
the smaller number of modes that will propagate or reflect on the longer paths. This
relationship is plotted in figure 11.

c. Multipath spread can be minimized by selecting frequencies as close to the MUF as possible.
Experimental data has shown thatas the MUF is ;1ppr()zu'hml the time dispersion decreases.
Curves based on the experimental data are given in figure 12. The ordinate of the graph is
labelled multipath minimization factor (MMF). The scale is the ratio of the selected
frequency to the MUF. Thus, the MUF defines a frequency above which the multipath
spread will be less than [}ldl determined by the curve.
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densities to move with respect to each other. The variations occur in both horizontal and vertical

\ . ) i

planes. They are caused by variations in the density of ionization and molecules in adjacent
regions and by variations in the magnitude of the geomagnetic field. The relative motions between
density volumes produce doppler shifts of about 1 hertz (Hz). Such shifts transform single-
frequcncy signals into a spectrum of frequencies centered around some mean frequency. The
resuit is evidenced as ladmg of the radio signai. l)oppler spread has littie 1mpact on analog signals

S B | N 1 _a
[)Ul caln cause severe pl'()[)l(""lb lIl ﬂd[d lrd(lb"llbb ons pd tc rly at ln(, nlgn(,r (ld[d raies.
Alrherioh donelar corand doee st Tomd traalf 1o dotailad nml.m.c it hae hoan amnirinally dotar
1\llllUu5ll UUFPILI DP‘ CAU UuULD 1IVUL 1VliuU 11LoOULIE LU UL walnivu lllal]DlD, 1L 11ad wuvuell lllllll lball‘\’ uvienr -
mined that it establishes a fundamental error .roblbil!!y Ir data! 3.nsmiqsi0.n over a single path It
nt

is known, however, that do pler shift occur : paths. For this reason,

path diversity (see 4.9.1.5) minimizes the effe(' lhls is llluslrated in flgure 13, whl( h gives the
probability of error, P¢, for no diversity and for dual diversity as a function of doppler spread for a
differential quadriphase phase-shift keying signal. (This type of keying is described in 4.3.8.)
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1.2.3 Noise. Noise s the imiting factor in transmitting information by radio signals. In HF radio
systems, three sources of noise predominate: man-made, atmospheric, and galactie.

1.2.3.1 Man-made noise.

a.

Near civilization, man-made noise 1s the

i ] C al ma ty, and electrical
relays, voltage interna T
Iy, it occurs most strongly in cities and industrial areas. It tends to be
eyclie, corresponding to the periodicity of the noise-generating devices; italso tends to vary
during the day in accordance with working periods. Man-made noise is less strong in

machines. Consequen

residential areas, and even less signifi('zml i rural areas. In areasremote from civilization, it

s s AR i 1 1o - - - s s .
ceases to be afactor. Figure 4 shows the refationship of nowse to frequeney for the different
Pdd Tdad, 11 it g»oe oo ol LA 1 1t lllll.‘w,hlltlld.\llld) e

1ose shown for business areas

k i
experienced on ships, the man-made noize levels may exeeed
in fgare 11

[~
(34

redominant noise component over much of the HF
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b. Deliberate man-made noise known as jamming can prevent information transmission by
conventional HF systems. Such noise can be gonf*rated by an enemy and transmitted on the
operating trequoncv in the direction ol the re(‘mvmg terminal. bpecnally desxgned HF radio

sysu ms are ltqulrul for Upcrdll()ll in € presence of severe Jammmg \D((‘ 4.3. ‘})

P:

1. Atmospheric noise comes primarily from lightning discharges all over the Earth. The noise
from local lightning appears as impulse noise. Atmospheric radio noise is characterized by
large, rapld fluctuations, but if averaged over several minutes, the average values are nearly
constant du rmg a glven hour with variations rarely exceedmg +2 dB except durmg local

s R D
tnunaerst ns or sunrise-sunset. 1 neampnruae I [ne [lOlSC VarleS apprOXImaIely ]nVCrSCly
with the square of the frequency. It is propagated in all directions similar to normal radio
signals.

O

b. Ingeneral, atmospheric noise is greater at night for frequencies from 1 to 5 MHz, because of
the long-range nighttime propagation of those frequencies. From 10 to 15 MHz, there is little
difference in intensity between day and night. Moreover, the atmospherlc noise level is
greater in local summer than winter, as may be expocted from the relative 1r(,quencv of

thunderstorms. Atmospheric noise becomes progressively less important at the higher
latitudes of the temperate zones, because of both the distance from the equatorial sources
and the auroral absorption of the pronagated waves

c. Charts showing expected values of atmospheric radio noise worldwide are available for the
four seasons of the year and for 4-hour increments of any typical day during a season. The
charts are published in Report 322 of the International Radio Consultative Committee
(CCIR). NTIiA t{eport 85-173 has updalvd some of these charts.

A DV ULLalantia natea
T.duotJo? LJAIAULIU 1IUVIDT.. L
characteristics are simila

unevenly throughout spac
prmcnpal region being near the center ofthe Mllkv Way galaxv Consequonlly for recepnon ona
directional antenna, galactic noise varies from hour to hour and day to day, as the antenna beam
mtor(‘cpls the galactic plane. Galactic noise is relatively insignificant, (ompar(‘d to atmospheric
nmse, beiow 20 MHz. From 20 to 30 Mtiz, galactic noise constitutes a minor noise component at

lavmg I( w man- md(](‘ n()lSC

a. Modulation is the process by which some characteristic of an electromagnetic wave, often
called a carrier, is varied in accordance with the instantaneous value or samples of the
electrical information signal to be transmitted. Demodulation is the recovery of the electri-
cal information signal from the modulated carrier.

-
jind
Lz
P
-

g M). (In engineer-
ing termmologv, (‘Ommuously varlable electrical sngndls are called analog SI;,ndls because
they are electrically analogous to the physical process, such as speech sound waves, that they
represent.) Single sideband (SSBY) is the most frequently used form of AM, due to its efficient
use of transmitter power output. A variant of SSB calied AM equivalent (AME) 1s also used.

signals, are generally transmitted usmg aform ofdmnlnude modulanon
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Up to four voice signals can be transmitted simultaneously over a single HF radio channel by
aderivation of SSBknown as independent sideband (ISB). A form of frequency modulation
(FM), known as narrowband FM (NBFM), can be used in some cases to transmit continu-
ously variable signals.

In contrast to continuously variable sng,nals digital signals are discontinuous. They carry
digital data; that is, information that is represented by a code consisting of a sequence of
discrete elements. Digital data is produced by teletypewriters, digital facsimile equipment,
and computer terminals, among other sources. Digital signals are generally transmitted by
forms of modulation known as frequency-shift keying (FSK) and phase-shift keying (PSK).
In special cases, an historically early form of digital signaling, known as interrupted
continuous wave (ICW) | is used.

Closely related to modulation is the class of signal processing techniques known as spread
spectrum. Of the several spread spectrum techniques in use, only frequency hopping has
found some application in HF radio systems.

AM.

AM s produu'd when a modulating, information signal is mixed with a carrier signal. The
mixing process is also called heterodyning. The modulatmg signal is the electrical represen-
tation nf the information to be transmitted. The carrier signal is a single frequency much
}Ilgh(,r thdn [h(, rd”},(, ()f frt ‘IU(,”( l(,S ln th(’, ”]()dllldt”]g 515!1(1].

If the modulating signal 1s a single frequency — a sine wave — the output of the mixing
process includes two new frequencies in addition to the injected frequencies (carrier and
modulating sine wave). One is the carrier frequency plus the modulating signal frequency;
the other, the carrier frequency minus the modulating signal frequency. For example, if the
modulating signal is | kHz and the carrier signal is 500 kHz, mixing produces the two new

signals, 501 kHz and 499 kHz.

If the modulating signal 1s a band of frequencies, as in a voice channel, the frequency
components of the signal form bands of sum and difference frequencies. The band of sum
frequenciesis above the carrier fre quency and is called the upper sideband (USB). The band
of difference frequencies is below the carrier frequency and is called the lower sideband
(1.SB). To illustrate, assume a nominal 3-kHz voice channel (300 to 3000 Hz). I1f it is mixed
with a 500-kHz carrier signal, the USB will extend from 500.3 kHz to 503.0 kHz. The LSB will
extend from 197.0 kHz 1o 499.7 kHz. Note that the frequency relationships in the LSB are the
inverse of those in the USB. That is, the lowest frequency in the modulating signal, 300 Hz, is
the highest frequency in the LSB, 199.7 kHz, while the highest modulating frequency, 3000
Hz, is the lowest LSB frequency, 497.0 kHz. Thus, the LSB is referred to as inverted, while
the USB is termed normal or erect. The transmitted AM signal spectrum is illustrated in
figure 15. It should be noted with regard to the mixed output spectrum that the original
modulating signal, although present at the output, is attenuated to the point of insignificance
by the coupling circuitry.

The simplest method for demodulating the AM signal upon reception involves rectification
of the received carrier followed by detection of the envelope of the carrier (low- pass filtering
of the rectified signal in a resistance-capacitance (RC) ne twork). The process is generally
referred to simply as envelope detection. Figure 16 illustrates the waveforms mvulw din AM
modulation and envelope detection.
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CARRIER
(500 kHz)
LOWER UPPER
MODULATION FREQUENCY FREQUENCY
(1 kHz) (499 kHz) (501 kHz)
I /] | l = FREQG.

0 V
A. SINGLE-TONE MODULATION
CARRIER
(500 kHz)
LOWER UPPER
SIDEBAND SIDEBAND
MODULATION v (LsSB) (UsSB)
( \ A ( s ) usB o
_ reew.
0 300 Hz 3000Hz V 497 499.7 500.3 503

kHz kHz kHz kHz

B. VOICE-BAND MODULATION

FIGURE 15. AM signal spectrum.

4.3.2 SSB.

d 1o idabaonde nradinnd i AM Anvvay tha tdaneio
ne \Al}il\,l ana 10wer siacoandas llluuubl,u I /3vE LURIVO Y LHC uchtiud

carrier itself conve Vs no information, other than its presence, although it is needed for the
envelope detection process. SSB transmission concentrates the available signal power in one
sideband. The other sideband and the carrier are removed before transmission. The
unwanted sideband is removed by filtering. The carrier is suppressed both through the use of
a balanced modulator and the sideband tilter.

--

e~ Aol L A QQD ) ot oD LTt o] l N ™
{)( lll()\}u!dtl I vl all JO0D Dls 1al 1 Cl{ull Td Cdll ICI |L|llbbl llUll al l.[lt; acmoaulatlor. 1ne
reinserted carrier is locally generated. Mixing the incoming SSB signal with the reinserted

carrier again produces sum and difference frequencies. In the case of a voice channel, the
band of difference frequencies is the original channel band. The band of sum frequencies lies
above a frequency that is twice the carrier frequency. To illustrate, again using a 1-kHz
modulating tone and a 500-kHz carrier, one side frequency resulting from the modulation is
501 kHz. Mixing it with a 500-kHz carrier upon reception produces a 1-ktz difference
frequency and a 1001-kHz sum frequency. The sum frequency or frequency band from
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demodulation is readily filtered out, leaving the difference frequency or frequency band.
This type of demodulation, employing mixing and filtering, 1s referred to as product
detection. SSB modulation and demodulation are illustrated in figure 17.

W/ﬂ N

\
| /
Y
CARRIER MODULATING SIGNAL MODULATED CARRIER
A. MODULATION
A T , \
UL h
\ A \
\ r \ /
b ok JJ\
V
\
V U’/
U
MODULATED SIGNAL RECTIFIED SIGNAL SMOOTHED SIGNAL

B. ENVELOPE DETECTION DEMODULATION

FIGURE 16. AM modulation and demodulation waveforms.

4.3.3 ISB.

a. An ISBsignal contains both upper and lower sidebands. In contrast to AM, the sidebands are
formed independently of each other, using SSB modulation, to carry different information
sigmals. In military [SB systems, each sideband is nominally 6 kHz wide and carries two 3-kHz
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C hdnncls By convention, the uppcr 6-kiiz sideband is referred to as the A side and the lower
sideband, the B side. The 3-kHz channels closest to the carrier are called inboard channels;
b cthore coitheatd chanmele Thie Charmele A1 and R1 are inhoaed obommale whils A9
LEIT ULLITE D, vUudLpvalu viiatlinicio II(IJ, ALl LICID /Y1 dAdilu 171 Al U uipyuvualru uviia lll(,lb, Wllll‘ ' V&
ind B2 are outboard channels. Figure 18 illustrates the ISB sienal snectrum. The 3-kHz
and B2 are outhoard channel igure 1d illustrates the 1 s1g spectrum. Th
channels may carry voice signals or digital data signals. Generally, one of the 3-kHz channels

1s assigned to carry up to 16 telet_y_pewrltt,r sxgnals in a voice frequ(,n(,y carrier telegraph
(VFCT) scheme described in 4.7.1.

b.

1 I A
e I ~ I/ LI N
I ' | f¢ I | |l
fo-6290 | fc—3000 | | f.+3000]| | fc+6290
| | |
f.—5990 fc—-300 } fo+3290 {
f.- 3290 f .+300 f o+ 5990
//{ NORMAL SIDEBAND
< ]
RN R,
l \ INVERITED SIDEBAND
L~
fe CARRIER FREQUENCY
6290 SUBCARRIER FREQUENCY IN Hz

A1, A2, B1, B2 CHANNEL DESIGNATIONS

B3 AR Yo R A 1 1 I '

FIGURE 18. Four-channel 1SB signal spectrum.

In one method of forming a 4-channel 1SB signal, a 2-channel frequency division multi-

plexer, similar to a 2-channel ISB modulator, combines two 3-kHz channels, Al and A2, to

form a single, composite, 6-kHz channel, as shown in figure 19. The multiplexer passes the

inboard channel, Al, without alteration. It mixes the outhboard channel, A2, with a subcar-

rier (6290 Hz) and by 11Ilor1ng pdsses the LSB. Thus, the composite signal consists of

Channel AT in its original form and Channel “\2 as an inverted LSB of the modulated
: de Bl and B2 in

laels nhiaas (L N
\lllllldll\ COMDIeS Cidiifiers D1 dinag o2 in d




.w:_xw_m::ﬁ:: [puueyd-om} mﬂmmﬁ uonenpow <y ‘61 mmx:O_r&

NOISIO3a AHVNIgG

ISNIS HO ALIHVIOd IADVLIOA -4+
1d4IHS AON3INDIHL %} NOILO313d 3dO13AN3I

AONINO3HL (H3LNID) HIIHYVYD °)
ONIY3I LTS

(ONINWNS) DNINIEWOOD A@

STO8WNAS NOILONNAS

— =

- )/\\.n:iﬁ n_

indino
AHVNIE

— 507 (&)

o

+ /,\\l = 81+ 72}

LNdNI
AON3IND3IY
oianv

31

LA VELGHE INNCEWUAG LAV

AL VLMIALAVIEL DUV UA LY

ULV IS VAV S St



A 1 %4

TN TEIINIY A1y
VHTL-TTIDBIN-4 10

composite O-kHz, channel. Fach of the composite channel signals modulates the main carrier
in separate SSBmodulators. The A-channel modulator pm(lm esa USBsignal spectrum: the
B-channel modulator, an LSB signal spectrum. The two spectra are brought together in a
combiner to form the ISB output channel. As in single channel SSB modulation, the use of
balanced modulators effectively suppresses the carrier and subcarriers.

. ‘orming a d-channel ISB signai muitipiexes the four signais in one stage.
ith th fidin carrier xna{m}muu{uiuu'uldlun,auul dppﬂ‘pi‘iiii(‘:li'i(l‘iilg,
ain carrier. Similarly, Channel Bl forms a 3-kHz LSR ucing the

same carrier. Channel A2 modulates a subcarrier . at the main carrier frequency plus 6290
Hz,and the inverted LSBis retained. Channel B2 modulates another subcarrier, at the main
carrier frequency minus 6290 Hz, and the normal USB is retained. The four sidebands are
then combined into a composite 12-kHz signal. Since both methods form identical 1SB

formats, they are compatible.

4y 4 A REES A RAESc OOTY 1 " ' Wit 1 A AATY s P
G EAME. AMEISDODD with a rC[’.UCL(l(drrl( lrdnb"ll[[(( W hile AlVIE s 1ess etticient in the use
of transmitter power ouipiit than S\)B, it pl‘vfﬁ‘xiib ¥ yutl i ll‘ry ar ¢ iileOpu detector. 1t is not
necessary to synthesize and reinsert a carrier

3.5 NBFM.

a. In basic frequency modulation (FM), the frequency of the rf carrier, rather than the
amplitude, is varied in accordance with the 1mp|ltud(' of the modulating signal. FM demodu-
lation utilizes circuitry known as a himiter-discriminator. The limiter function removes
amplitude variations in the received signal that have been introduced during pr()pugation or

caused ‘hv electrical interference. i lmllm;ﬁ 18 r(‘({lllrt(l because diseriminators r(‘sp()n(l to
1
1

| S 1. 1 f. AU D MO Das
Dot dlll]]lll\llll drida Il(ll\l( ey leldllUll‘s e GISCTiminator conve

L £ :
e ll(lllll Iic V var ld‘

tions back inte the amplitude vari

ner-di

demodulation of FM provides an inmr()vmm-nl over »\M with rvudrtl to pe rl()rmdn(,t- in
signal-fading ¢ onditions and electric d”y noisy environments. It provides this i improvement,
however, at the cost of increased transmission bandwidth. FM modulation and demodulation
waveforms are shown i figure 20.

b, Convennional FM re quires many times the bandwidth of AM for transmission. An AM sn;_,nal

das e \[lldlfl( (llll .% l l\l\\()l“S“H( t ,\l(l(,l).lllll.\ |!I(‘[).lllil\vl(l“lH(]llll(ll]()rI[le‘lrlsllll\\l()ll
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infinite number of sult-l»unds. [he transmitted energy, however, is not umformlv dxslnhulvd
among the sidebands, so that not all of them are necessary, or even significant. The fact

remains, though, that the more sidebands received, the greater the FM improvement.

¢. The transmission bandwidth thatis supported by HF radio propagation via the ionosphere is
severely limited by multipath propagati()n (see 4.2.2.10). NBFM is a ('()mpr()mis‘c between
l“(’ V\ld(’ hdn(l\/\/l(][n rC‘(ll“r(‘lnf‘n[ ()l conve flll()ndl r [\fl d“(] ['H‘ “"l”d[l()n% ()1 [“(" pr()pdgd[l()n
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if lllLllll ll}]lU\‘l‘l‘\(l l||l)ll( l vl Led= 01 10U~ l\llLl’(lllll fiauI, viyprivi as

defined by the Federal Communi ' n (FCC) hasa lm.'dwn!!h that does not
3

exceed that of double-sideband (l)\ ) :\1\ md consequently, provides no inherent SNR

improvement over AM.)
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1.3.6 ICW.

a.

Lﬂ% l';_PlT‘u uT

In the early days of radio, a telegraph key was used to switch the rf carrier on and off in
accordance with a telegraph code. Since the rf was a continuous wave when it was on, this
form of transmission was called interrupted continuous wave, or ICW. Also, it was com-
monly referred to simply as continuous wave (CW).
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problcms encountere d wnh the BFO. By providing a telegraph keymg opllon most ld(‘ll(‘dl
(qmpm ents have a bac Kup iCW communications (‘dpabmty ICW is also used in a form of
lId(lell‘ﬁSlUl

1 . . PP S 1_ - I DS B
KIiowil as Ul“bl cominur l(,dllUIlb, III W(ll(,ll lut,grupn couae lb recoraca 1n

1
advanes and tr
G e ang

mtorfcrcmc and amplnudc variations %ll(h as those produced by sngnal fddm;, ln nor
automated HCW systems, throughput is highly depe ‘ndent on the level of operator tmlnmg
Llnd (7Xp(3rl(3n(,e.

A variant of lCW, known as modulated continuous wave (MCW), eliminates the need for a
receiver BFO. in MUW | the rf carrier is modulated with an audio tone. Thus, on rcveplion
dll” U( ”l()llllldllUll UV darnenve lU[JC UL[LL[UI N l“( du(llU l()[l(,' lb recove rt/(l \)“ [rd“sl”l%ﬁl““ lh(',
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tgneiskeyeaona W Gigiaaniormation signas. 1 Neressverea gutis tone, ther
prese nt or absent in accordance with the k(‘,ving

4.3.7 FSK.

Modulation is generally referred to as “keying™ in digital data (or teletypewriter code)
transmission. This is because some property of the carrier is caused to vary, or shift, in
response to keying by discrete-state digital input signals. In FSK | it is the frequency of the
carrier that is shifted. "\s«;mnin;j a 'binurv dig_,itzl'l input signal, such as the marks and spaces of
tele typew riter code or the s and s of digital data, the output frequency is shified beiween
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There are two ways to o the magnitud he frequency shift. In one, the shift is
considered to be between a hvpolhetl(,al carrier or center fre uency and the shifted fre-
quency on either side. For example, +42.5 Hz, +85 Hz, and 425 Hz are references to
commonly used frequency shifts. Alternatively, the shift is considered to be the total
frequency span between the two shifted frequencies. Thus, the frequency shifts in the
example above become 8o Hz, 1/U Hz, and 60U Hz, respectively. Figure Z1 gives both a
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FIGURE 21. Freguency shift keving

In older equipment, areal carrier was shifted in frequency to produce FSK. New equipment,
employing SSB modulation, uses a compatible system called audio frequency shift keying
(AFSK). In this system, two audio tones which differ from each other by the required
frequency shift are applied in accordance with the keying pattern to the SSB transmitter

i it

. A common method of demodulating FSK signals uses two bandpass filters. This FSK

demodulation takes place at audio frequencies, after conventional frequency translation and
amplification. The center frequency of one filter is tuned to one frequency of the FSK pair:
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quency :;! !hgf n"\nr fiillnr to the other f'rm{n:-nc v. Face h filter s lu”uum] }n Qa
separate e nvel pe d( tector. When a \l”l]dl of one fre quency of the FSK pair s detecte 1|, a
positive voltage is sent through ace ombiner 1o a decision devie e, such as a polar relay. If the
other h(,qm,n( y is detected, a negative voltage ts sent. The decision device r (t.sp()nd.s to the
polarity of the input voltage to produce an output voltage that represents a binary state. That
is. 10 the mput voltage is p()silivv the device outpulsone binary state; i negative, the other.
This method, referred to as the twin-filter method, is dlustrated in figure 22
Another FSK demodulation method uses a limiter-discriminator in conjunction with a
level-sensing decision circuit. Generally, the discriminator is fed by an intermediate fre-
quency (IF) or audio frequency (AF) sl;_,n'll produced by conve ‘ntional frequency transla-
tion. A limiter keeps the amplitude of the signal at a constant level for input to the
diseriminator. The output voltage of the diseriminator assumes one of two levels, depending
upon the fr(*qm'n( y (one of the I‘SK ptnr) at its mput When the output voltage exceeds a
. . L ’“I{

prede s cision ot oltage representing one binary
state. When the o voltage is below the the circuit outputs a vnll‘u_w
representing the other binary state. The lllnll(‘l‘vlllﬁlil‘lIlllnzltl)r method of F Sl\ d(,m()dul.m(m

is illustrated in figure 23. A\ ratio detector, which is relatively insensitive to amplhitude
variations in the received signal, is sometimes used instead of the limiter-discriminator
combination. Detailed deseriptions of both types of demodulators can be found ina number
of texts.

4.3.8 PSK.

a.

In PSK, the phase of the carrieris caused to shiftin response to digital keying. Absence of a
phase shift represents one binary state and presence of a phase shift, usually 180°, the other,
as shown in figure 24 Such an arrangement is sometimes referred 1o as biphase PSK 1o
distinguish it from a variant caltled qumlriph;m* PSK (QPSK). Limiter-discriminator demod-

ulation converts the phinx shifts i & R R s states. ‘H SK
ifts of 0°,90°, 180°, and 270 ach yditfe rt'nl nm of lnts as

sh()wn in figure 25. lhv [)()S\lbl(‘ bhit pairs, l\m)wn as (]Il)ll\ are (l,l), (1,0), ((),l)\ and ((),()).
Relative to biphase PSK, QPSK enables the transmission of a higher bit rate within the same
bandwidth or transmission of the same bit rate in a reduced bandwidth. The advantage is
vained at the expense of an increased signal-to-noise ratio requirement for agiven data error
rate.

\J'é!h:m! aloeal carrier synchronized in phase with the transmitter carrier, the receiver has
no “sense” of absolute phusv. Therefore, most PSK svstems in HE applications use a scheme
known as differential encoding, in which encoding and decoding are based on changes in
phase (see FM-11-486-24) . Systems of this type are called differential PSK (DPSK) systems,
To iltustrate, using biphase PSKif the carrier I)llll\'(‘ remains the same in one interval as it
was in the preudmg interval, the current interval is inte rpretec iasabinary 1. If the carrier

phase 1s dnu rent from that of the preceding interval, it is interpreted as a binary 0. To
implement binary information must he differentially encoded. Figure 26
illustrates a differe nlml code in which a negative-going transition (binary 1 to binary 0) in

the input bit stream produces a transition in the output hit stream. A positive-going
transition (binary O to binary 1) in the input bit stream does not produce a transition in the
output bit stream. Also, a binary O followed by abinary Oin the input producesa transition in
the output; a binarv 1 foilfowed by a binarv | does not.
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INTERMEDIATE
FREQUENCY +V. BINARY
INPUT N e L ¥ OUTPUT

FUNCTION SYMBOLS

BINARY DECISION

LIMITING —-DISCRIMINATION

I T T R T I R ISR SRR
| | | | | | |
AN AN MANARANT
VUUWUUUVUURUUUUuuy UL,
| 0° | 180° 0° [ o° | 180° | 180° |
(LOGIC 0) 180° 0° (LOGIC 1)

FIGURE 24, Phase-shift keying waveform.
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FIGURE 25. Quadriphase PSK scheme.
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FIGURE 26. Encoding/decoding scheme for DPSK.

39

A e et




d.

MIIL.-HDBK-413

Frequency hopping is one of several bandwidth-spreading techniques for producing signals
known as spread spectrum signals. Such signals have high resistance to jamming and a low
probability of interception. Of the available techniques, frequency hopping is the most
commonly used in HF radio systems.

In frequency hopping, the spread spectrum signal is formed by shifting the transmitted
frequency in diserete increments in some predetermined order. The predetermined order is
generally the result of a pscudorandom code sequence. Pseudorandom means only seemingly
random. The sequence is actually repeatable and is repeated upon reception to despread [}IL
signal. In spread spectrum usage, the signal corresponding to a pseudorandom code is called a
pseudorandom signal.

N PO NN 1 PO IS [0 DI Y F RS S ,l,.,f‘ (S Y S A |
l}l(‘,l}l%liillﬂdii is embedded in the transmitted spreac bpuilu n Signai in one or iw ) ways. 1 he
most common method 1s to add the digital data signal to the pseudorandom signal ing

N
—

modulo 2 addition. (The rules of modulo 2 arithmetic are given in appendix L
signal then modulates the carrier. In this case, m()dllldllOI] means that th(- trdnsmmvd
frequencyisselected in accordance with the sequence of binary states in the bit stream of the
modulo 2-added signal. That is, the first binary state causes a frequencys, f1, to be transmit-
ted; a change i state, f2: the next change in state, f3; and so on. This scheme is diagrammed
in figure 27A.

In the demodulator on the receiving end, a pseudorandom signal identical to that used on
the transmitting end keys an identical sequence of frequencies, with one difference. The
frequencies are offset by a set amount such that when each frequency is mixed with its
transmitted counterpart, the difference frvqucn('y from the mixing process isanother carrier
frequency. This second carrier fre quon( y 1s generally taken as an intermediate frequency

‘”‘) ( AN II' 1san mterme (lldl(‘ carrier lr( quency l()l usein a [r( quency conve rier Hldg\(‘ ()l

a transmitter or receiver.) (See 441 and 4.5.2.) Thus, { — (fi + fu) = fu, and
f, — (f> + 1) = fig,andsoon. It can be seen that if the > ps eudorandom signal, without

the addition of the digital data signal, was transmitted, the result upon demodulation would
be a constant frequency at TF. Addition of the digital data signal, however, causes the
frequency shifts to oee ur at times other than those dictated by the pseudorandom signal. The
shifts oveur in accordance with the s‘(‘quvn('v of binary state ("hang)(" in the modulo 2-added
signal. Thus atagiven bit interval, the transmiited (and hence, received) frequency may not
be the same as the frequency generated by the demodulator pscndomndom signal. ln this

case, the difference frm} weney will not be the IF, but some other frm}u:\-ru v outside the
passhand of the demodulator. For example, assume that {7 is transmitted at a time when the
pseudorandom signal to the demodulator is fx. Then, f7 — (fs + fir) # [1x, and the
demodulator will produce no output. In this way, the 1F will be turned on and off in a
sequence indicating the binary states of the original digital data signal. This is illustrated in
figure 27B. The recovery of the carrier signal from the spread spectrum signal is referred to

e A N
ds uespreauaing or

If the method is used in which the digjila] data signal modulates the carrier before spreading
by the pseudorandom signal, the carrier is first shifted in frequency (or phase) by the data
slgrml The shift may be biphase or m-ary. (M-ary means multivalued.) The modulated
carrier is then shifted in frequency inaccordance with the binary pattern of the pseudoran-
dom signal. Assuming binary FSK modulation by the digital data signal for ease of under-
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standing, one binary state is represented by no carrier shift; the other by a predetermined
shift. Then, modulation by the pseudorandom signal results in the predetermined frequency
shift for one binary state and the predetermined shift plus the binary FSK shift {or the other
state. On mixing with the pseudorandom-determined frequencies in the demodulator, two IF
signals are produced, one representing each binary state. This is illustrated in figure 28.

DATAINPUTi1|0|1 1|9 1|0 07

PSEUDORANDOM [1lol1]lo of[1]o[1 1 1]lo
cobe '

FSKEY  |of1 1]of1lof1]of1 1 1 1 1[o]1 1]
FREQUENCY-HOPPED ¢ ¢ ¢ ¢ f, o fe f; £ fo fq £, 5 fo fiof
SIGNAL 1 8 '8 '8 8 '8 '9 '10 10

c cpeENLIENMOAVY £ £ £ £ £ £ £ £ £ £ £ £ £
i [l g =AWV lad) | { l1 l2 l3 l4 |4 |5 l6 I7 |7 l7 18 IB l9 I10 l11 l11
AMIYED NIT IFIE n N IF IF I FIF n n IF IF n o 0 0
IVIINALIY WUy s " J v L3 ] "l [ 1] L) A\ 4 A LA . 7 A d A d
OUTPUT CODE [ . | o | 1 sy 1 o[ 11 o o |
[ —_ | S | -

B. DEMODULATION

FIGURE 27. Frequency hopping using modulo 2 addition of data signal and pseudorandom

signal.
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Exciter.

e term exciter enc ompdss( s the SI{DDAI mput stage, the modulator frequency translation
es, anu a posl%elf‘(lor An rf carrier generator provmec requxrcd carrier injectlon
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modulator. For data signa ]s thel ut stage pr
input to the modulator.

The modulator impresses the information signal on a carrier frequency by one of the
processes described in 4.3. FSK and PSK signals may originate in external modems and be
routed directly to the frequency translation stage.

=)
=
—~

frpnnp nevy
rroyucnc

referred to up-conversi g an
included in the frequency trunslallon stage to provide the proper output level for transmis-
sion in the case of low- -power transmitters, or the proper drive level for input to the power
amplifier stage in higher power transmitters.

Postselectors, or bandpass filters, limit the exciter output bandwidth into the next stage or to
the antenna. The purpose is to minimize spurious emissions. The postselectors may be
manually or automatically tuned, depending on the equipment design.

4.4.2 Power amplifier.

PT‘

The power amplifier raises the modulated or keyed signal to the level required for transmis-
sion. In the case of AM, SSB, and ISB signals, linearity is a key requirement on the
transmitter to preciude intermodulation distortion. The power amplifiers used for such
transmissions are often referred to as linear power amplifiers (LPA).

L(]UC(‘ the gain ofpre( vdn

inc orporateaulomatu'load
rf stages when the onset of oxerload in the ampllflcr ower utput cnvclopc is detected.
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4.5 HF receivers. Most modern HF receivers are capable of operation with all of the conventional
types of modulation used in HF transmission: AM, SSB, ISB, AME, ICW_ NBFM, FSK, and PSK.
The latter two types, FSK and PSK, are provided in conjunction with external modems. Fre-
quency hopping and adaptive functions (see 4.3.9 and 4.9.3) require spe(‘iﬂlv designcd rm‘eiving
systems. Both conventional and speual recelvers, however, share the basic tunctlonal elements

T | ST of stage. frequency translation stae .

commaor 1O all receivin g by%l(’")S. stage, Ir ’qUC“Cy ransiation sitage \ 5[dgc u(‘mouumu)r
aontnnt ctaogs and rf fcarrior gonoratar Tha intarralatinnchin af tho fiimetianal atagoac ic chawn in
Uul}lul DLGEL, allu 11 varriui 6(4||(rl atuvl 1110 llllbllblallull:’llly Ul 110 1uirvviulial 3[&\6\;3 1D DiiuUvwil 1§l
th -k m of i ion i et r:

—_

attenuators for use under condmons where the received signal is of sufficient strength to cause
receiver overload problf*m% Either step attenuators or continuously variable attenuators can be
used. Rf stages in receivers intended for operation with inefficient antennas, such as whips or
aircraft antennas, include rf amplifiers. Such receivers generally inciude provision for bypassing
the amplifier when used with more efficient antennas.

a. Modern HF receivers use multiple frequency translation stages. The stages are referred to as
intermediate frequency (IF) stages. (,enerallv three IF stages are emploved the arrange-
ment being called triple-conversion. The conversions, either up or down depending upon the
IF, are the result of mixing the input signai with the IF inje(*lion frequency supplied by the
carrier g(*np rator. A bandpass filter at the oulpu[ of each IF stage passes the d
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b. The first IF in a triple-conversion arrangement usually operates between 40 and 100 MHz in
the very high frequency (VHF) range. The up- conversion involved greatly reduces image-
frequency reception. (An image fr(*quency i1s an unwanted input fn }quency capable of
produung an IF sngnal upon mixing with the IF carrier. Since the rf stage fimits mpul

Y7Ly

frequencies to bands m the range, possible VHI image { rcquf‘ncncs are tuned out.) The

vicaafa VHET
use gt d viir

outnut r\f!_hi

Quiputl © H

filter.

c. Thesecond IF isamidrange IF (3 to 9 MHz) and involves down-conversion. A crystal filter is
also usually employed with this stage to provide a narrowband output.

1 ‘m™m 1o 1 I 1 r I /2NN . [«¢aY2 %0 F 8 PN | | . - 1 1 S, PR -
d. thethrda lr s a lOW'Iquuen(‘y Ir {(OUU 10 DUV KI1Z) dna aiso 1nvoives aown-conversior
Chavarmin or maochanical filtore moot the mare ctringont narranwhand raainiiremente nf thic
VLOCL Al vl 1t Ciiailuivuadl 1iptti D HHitul L1 mmivi v ot lllsblll 1Hajiuryuoaililu l\,li\‘ll\ IO IILD Ul LIS
stage. An IF output port is commonly provided at this stage to route the signal to peripheral
> . ) oo
devices such as voice frequency carrier telegraph (VFCT) modems (see 4.7.1)
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4.5.3 Demodulator. As explained in 4.3, the demodulator restores the original information signal
from the modulated carrier. The lypc of demodulator used depends upon the l\pt‘ of modulation:

PR | . ARA AIVY/ PR | N ) (el ) | RS B

envelope detector for AM, AME, and MCW; product detector for SSB and 15B; iwin-filier or
Limiter.dicoriminatar for FSK- and limitoar.diceriminatar for PSK o0nd NREM (Tha twin fltar o
TR LIS U I 11 HIAlUL TUL 1L aJINy AU JHITHTUI TUIDUI T LI LUL 1ul 1 N d(ll‘ Lyiyr vk, ( EALCD LYWiliE-n1ier i
limiter diQ(f[i! vwnator demodulators may bhe contained in separale modems, rather than asinte gr al
parts of the receiver.) The output of the demodulator provides either a) an audio-frequency signal

for voice or other continuously variable signals, or b) discrete frequencies for (h;,ndl «Lm or
single-channel teletypewriter signals.

1on ot lhe outpul stage i1sto provndo a L()mpﬂllblﬁ interface with the
nes to remote users. For AF signals, this smge uses
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4.5.5 Carrier generator. A frequency synthesizer provides several injection carriers as required
by the IF and demodulator (product detector) stages. These generated carriers are normally
derived from voltage-controlled oscillators which are phase-locked to a stable frequency refer-
ence. This source reference can be provided by an internal stabilized crystal osciilator or, when
higher accuracy and stability is required, an exiernal frequency standard.
4.5.6 AGC.
a. HF radio signals arriving by ionospheric paths tend to exhibit extreme variations in
amplitude — on the order of 70 dB — over short periods of time. Such wide ranges of amplitude

cannot be handled successfully by most mixers, which are sensitive to input level. Conse-
quently, some form of level control i1s required ahead of the demodulator in HF receivers.

——

. DQK g . : S . U
). 7‘\, 1 TIN, dAllt iy 1y 5 Alllp) 1R R ¥4 }’ ’ll& T 1
precluded for use with any of the forms of AM, however, because it would effectively remove
the modulation by reducing all incoming signal levels to the same value

c. An alternative to limiting is to vary the gain of the rf and IF stage(s) in accordance with the
strength of the input signal. This is done through a feed-back loop in which a dc offset voltage
of the demodulator ()utput controls the gain of the ampiiﬁcr(s‘) The de offset is prop()rtionai

wme rl sngnal I(’V(’l |[pr0vm(‘s Dldb[()lnC ampunm (S) ‘II(‘Sllll I()W(r l(’\(llnpl isi {.,I]dl‘a
are amnlified more than higher-level sienals. The process and the circuitry are referred to as
al T lllllllllll 10 i1kl 111 noi AU A U8 Be ) | Haid. 11c ' Ul(Djt‘ i Ill_/\lll\rllllll\ alj 1o ciiIou tuadn

d. Generation of the dc offset requires areference level as the basis for sensinglevel variations.
In older SSB and ISB equipment, a pilot carrier (a reduced-level mlher than hlghlv

suppressed carrier) was transmitted to provide the reference. In ISB sys(ems carrymg VF
tones in one channel, a tone is often used to provide Ine level reference. With all-voice

mamcriceimne hasunus ) MR SR [ 1y DY S R P N T I P S
lIdIlb"llbblUllb, lIUWCVCI Licerce lb 10 1CIIdDIC TTICICNICC UCLd S€ 01 UII€ wiuc vdridiuioris lll
enpnoh 9mr\|| udes Such svstems often use a voice-onerated gain-adiustine device (VOGAD)
l" etnampiit UGes. 2uch SysSt€ms Oli€n use a volce-operaicd gain-agjusiing aevice ;-

he VOGAD uses the average level of
0

e. CCIR Recommendation 455-1 and ('(‘IR Rop()rt 354-4 describe a device known as linked
(‘ompresq()r and e xpandor (1. mcomp( x). Line ompex serves the basic purp()w of nnprovm;_,
voice-channel quality through level compression on the transmitting end and level expan-
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sion on the receiving end. (Also see 5.4.5.2.) The compression-expansion process is con-
trolled by an FM tone at the high end of the voice channel spectrum. This tone also providesa
level reference for AGC. Modern versions of Lincompex use a digital control signal instead of
the FM tone. This signal is equally useful as an AGC reference.

4.5.7 Diversity combiners.

a. Diversity reception is a means of counteracting the signal fading that occurs over iono-
spheric radio paths. (The various types of diversity are explained in 4.9.1.) Diversity
reception involves two or more receivers. Diversity combiners then combine the signals
from these receivers.

b. There are two categories of diversity combiners, depending on the stage at which combining
takes place: predetection and postdetection. Predetection combining takes place at the 1F
stage (or the rf stage in some systems); postdetection, at baseband (i.e., after demodulation).
In VFCT operation, postdetection combining takes place after the VFCT modem. (VFCT
modems are described in 4.7.1.)

¢. Three types of diversity combiners commonly used are selection, equal gain (or linear
adder), and maximal ratio (or ratio squared). The selection combiner simply selects one
receiver at a time. The full diversity improvement of this type occurs only when the receiver
with the strongest signal is selected. In actual operation, the receiver with the strongest
signal-plus-noise is selected. The equal gain combiner simply adds the receiver outputs,
providing somewhat more improvement than the selector type. The maximal ratio combiner
adjusts the gain of the combined signal in accordance with the ratio of the two signals. It
provides the best performance of the three types and works best as a predetection combiner.

4.6 Antennas and transmission lines. Antennas and transmission lines are the major elements
involved in transferring rf energy to space at the transmitting end of a radio link and intercepting
the energy at the receiving end. Associated elements, some of which are essential for operation
and others of which provide flexibility of operation, are matching devices, multicouplers, and rf
patching equipment.

1.6.1 Antennas. From the system design point of view, the essential characteristics of HF
antennas are gain, directivity, input impedance, and land area requirements. (HEF antenna theory
is covered in FM 11-65.) Gain is the ratio of the power density radiated by the antenna in a given
direction to that radiated by a reference antenna (usually an isotropic point source) when both
have equal input powers. Directivity is the ratio of the maximum power radiated by an antenna to
the average radiated power. Gain and directivity are related in that increased gain is accompanied
by more directivity or greater efficiency. This is because the total radiated power remains
constant. Thus, an increase in power in some directions results in a decrease in power in other
directions. Generally, directivity is considered in terms of vertical (take-off angle) and horizontal
(azimuthal beamwidth) angular patterns. The many types of antennas in common use in HF radio
provide different combinations of the essential characteristics to meet specific radio link needs.
Table Il summarizes the characteristics of the most commonly used HF antennas.
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TABLE IL. Characteristics of common HF antennas.

Directivity
l.and
Antenna Type :""i’: Take-off Azimuthal Area
R Angle Beamwidth (acres)
{deg) (deg)
Horizontal, half-
T 2-5 5-90 80-180 1
wave dipole
Vertical monopole 2-4 0-45 {Omni) 2-5
Whip 1-2 0-5 (Omni) (none)
Long wire 1-7 10-40 15-60 (length)
Yagi 6-12 5-30 28-50 1
\Y 3-17 5-30 10-40 3-7
Rhombic 8-23 3-35 6-26 5-15
Log-periodic 10-17 5-45 55-75 2-4

4.6.1.1 Horizontal half-wave dipole. The horizontal half-wave dipole, illustrated in figure 31,is
a simple and inexpensive antenna for use over short- or medium-length skywave links. Since it
belongs to the resonant class of antennas, it operates well only over a very narrow band of
frequencies: £5 percent of the center frequency At heights of less than a quarter- wuveicngth
above ground it radiates and receives well at the steep angles involved in short- Iengm sKywavv

1 1 PR NG BT S S W SR S PR . 5 ambarmnn 1o hidimantsnma
’unks na is aimost Omnlunbulundl in dl.lmuun At gr eater hclshi:, lhc antenna is blduculuual,
with maximum lobes at "ght angles to the length of the antenna. Even though the antenna
impedance is _no_mm lly 73 ohms at a quarter-wave above groun nd, it is acceptable to feed it directly

by 50-ohm coaxial cable. A variation of the half-wave dlpole with multlp]e dipoles cut to different
quencies and fed at a common point, provides operation over a broad range of frequencies

+9



-

O I n ,,,,,, s 1 S

Sut h a ground p Ian( gener '1Hy onsists ()fd system ()ler(,; mstall(‘d ina radial pattern from

the tower base.

Another method of reducing the physical height is through the use of top-loading. Rather
than using inductors, top-loading normally consists of adding capacitance at the top of the
r‘ldi;ning element. This entails the installation of a lurge flat or spoked disk, cylinder, or

sphere. Top-loading can be effectively used in conjunction with inductive | lo‘mmg The
disadvantage of using either or both loading methods is that reducing the physical size of an

The vertical monopole is suited for groundwave and low-angle skywave radiation, but has a
relatively narrow usable bandwidth. The antenna is omnidirectional in azimuth. The charac-
teristic lmpedan(‘e 15 appr0x1matelv 35 ohms. If the tower is insulaied from gmund it 1s

J
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The vertical m(mopolt* can be used in conjunction with a second mast that acts asa parasitic
clementinadirectional array. The parasitic element acts as adirector or reflector, depending
on the phase of the induced current in the parasitic element. This arrangement provides

DI

V- . . - . . . .
lll['(‘('ll(i{l(ii Zaim and s l”llh’lr"llf‘(i 9! ‘ll;_[llr(‘ I
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FIGURE 32. Vertical monopole directional array.

A conical monopo ucted of wires and spacers about a central tower. As shown in

str
figure 33, it has ihp fnwu cones set base to base. The vertical dimension is relatively
short, on the order ofO 16 wavelength. A ground plane is required. It can be constructed as a
broadband antenna covering the full 1.6- 10 32-MHz frequency range. It has a 50-ohm,

unbalanced impedance. It is typically available as a transportable assemblage.

4.6.1.3 Whip. The whip antenna is a vertical antenna. Its primary use is with vehicular or

manpd( k radio (qulpmcm where resonant-length antennas are impractical. Loadmg 1s used to
provide an effective electric: : waxs Angih"lhcloadnrgls sariable oaccommoaa[ea range

counterpoise. A countm‘ponse is an artxf:mal ground constructed of wire. I has radials, which
should be at least one- quarter wavelength long. It is constructed above ground and insulated from
it. The antenna feed is usually through a nonresonant coaxial cable of about 50 ohms impedance.
The radiation pattern of a whip antenna is essentially omnidirectional. When mounted on a

vehicle, however, the omnidirectional pattern is distorted somewhat by the metal of the vehicle.
The metal of the vehi i serves as the counterpoise.

4.6.1.4 Yagi. The Yagi antenna consists of a driven dipole element and one or more parasitic
dipole elemoms The drlven dipole element is center-fed, typlcally by a 50-ohm coaxial cable. The
parasitic elements are electromagnetically coupled to the driven element. A simple three-element

it
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Yagi has a director element in front of the driven element. The director element is shorter than the
driven element by about five percent. The third element of the three-element Yagi is the reflector

element:itis behind the driven element and about five p(‘r(‘e 1t long('r Yagis Lommonly have from

N o Ry
to five el

two Ange. ANy adaiuiond: eieme its are u:uuuy airectors.
Since they are constructed to operate at a given frequency, lhcv have only limited bandwidth.
They can bv given multiband capability by the installation of pdrdllcl tuned circuits, known as
traps. The take-off angle of ngls depen(ls on the height of the antennas above ground. A
A-element Yagi provides an azimuthal beamwidth of about 60 degrees and is illustrated in figure

34

1{!// A\ S
\5 s V| \
% ////// /IEN\R\\
§
1() 5 V. The Vantennais constructed of two wires forming the letter V. One of the two types of

w

Vs, lhc nonresonant is shown in figure 35. In the hori ontal V., the antenna is su
half-wavelength above lhe ground by three towers or poles. The two wires are fed at the apex bya
500-ohm balanced open-wire line or by a 50-ohm coaxial cable through a balun (see 4.6.3.3). The
.m;DIc of the V is chosen so that the main lobes of the two wires reinforce each other along the

center line between mc lcgs ol the V. Since the wires support formation of other l()bcs the
4 althagh PAYAS N iy FPR RO

=]

C
©
=
-_
9]
=9
&

C ¢ "i’iSﬁCS,uuuvu;.,uau ne of the lobes in other directions
cancel. Such an antenna is referre d to as a “resonant V. To produce a unidirectional nonreso-
nant V. terminating resistors, with resistance equal to the characteristic impedance of the
antenna, are installed at the far end of each leg of the V. The resulting main lobe is in the direction
of the open end of the V. A variation of the Vis the sloping V, in which only one support tower or
pole of appreciable heightis required. The ends of the two legs are mounted on short poles. The V
antenna s broadband and has a low take-off angle and narrow azimuthal beamwidth.,
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FIGURE 34. Yagi antenna.

4.6.1.6 Rhombic.

a. The single rhombic antenna has four sides made of wire and, as the name implies, is shaped

like arhombus (figure 36). The wires are supported by four towers or poles. The legs may be
made up of one or more wires, typically three. As with the V antenna, the main lobes of the
wire legs combine and reinforce each other along the major axis of the rhombus. The antenna
has a characteristic impedance from 650 to 850 ohms for single-wire legs, and from 560 to
600 ohms for three-wire legs. It is fed at one end of its major axis and terminated in an
appropriate resistor or dissipation line at the other end. The antenna is broadband and has a
low take-off angle and very narrow beamwidth.

. Rhombics are applied in a number of special configurations to meet specific needs. Figure

37A shows a double-tier rhombic, which provides a much narrower vertical radiation pattern
than the single rhombic. This reduces vulnerability to multipath propagation and noise
arriving from high vertical angles. Figure 37B shows a double-tier, interlaced rhombic. This
configuration provides improved gain over the single rhombic. The Laport rhombic in figure
37C provides increased gain through beamwidth narrowing. The sloping rhombic in figure
37D broadens the vertical radiation pattern. The nested rhombic, figure 37E, reduces the
space required to install a high and low band rhombic. In transmit configurations, only one
antenna is used at a time. Nesting of rhombic antennas results in some decrease in gain.

- . ~ a1 ER = _—— — - 2 1LY o 2 Ao - - mmsem A~
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& ¥
two legs. I{isillustrated in figure 38A. It s fed at the far end (away from lhe apex) of one leg.
A !errmnatmg resistor at the other far end provides a unidirec tional radiation pattern. The
half-rhombic can also be constructed in the vertical plane, as shown in figure 38B, with the

N T MU ~ TS . g ) M ] 1
davaniage tnat oniy one support tower or poie 1s necaed.

1.6.1.7 Log-periodic.

2. The log-periodic antenna is one of the most vooular in HF use. since it orovides good
a. LHU Jug-prlhivule allicii na is 6ne or e imnost PUPU 11 IiL use, slice 1t proviucs gouu
p(‘rformance in a relatively small area. The horizontal l og-periodic ar 1enna shown in figure

39 consists of parallel elements in the same horizontal ;; ne. The electrical length of and
spacing between successive elements are calculated so that the input impedance and pattern
characteristics repeat periodically with the logarithm of the opcratmg frequency. Ih<>
antenna |S CX{”€m€l‘v bTOauuauu, ‘vvuh Lhc 10W- llt,Llux,uLv cutoit Gccurmgm e ire I{U(IH
which the longest element is approximately a half-wavelength long. The high-frequency
cutoff occurs at the frequency at which the shortest ele :ment is a quarler wavel(’nglh long.
For frequvnues between the two extremes, antenna currents are greatest in elements that

) v , :
are a half-wavele n;,th Iung at those tr(qu( ncies. The iungvr and shorter elements, then, act
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FIGURE 37. Rhombic variations.
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FIGURE 39. Horizontal log-periodic.

b. fLog-periodic aniennas may be construcied in a number of configurations for specific
requirements. Moreover, a number of manufacturers produce fixed, transportable, and
rotatable log-periodic antennas. Two of the more common configurations, the vertical
log-periodic antenna and the rotatable log-periodic antenna, are shown in figures40and 41,
respectively. Other log-periodic antenna variations include the double-curtain horizontal,
for lowering the take-off angle and increasing the gain; the vertical curtain rosette, to
providv four ill(l(‘p('nd(‘n[ ovvrlapping beams for ground-lo—air and shore-to-ship links; and

vertical curtains in broadside array, to provide high directivity, high gain, and low take-off
e Ll
it 1

1.6.1.8 Long wire.

a. The basic long-wire antenna consists of three or more half-wavelength sections fed from a
single point. In other words, it is a wire three or more half-wavelengths long. The more
haif-wavelengths in length, the higher the gain and the closer the main lobes are to the axis of
the antenna, i.e. the direction of the wire. Typically, the long wire is end fed and installed

uarter waveleng th above xvrgund

b. A derivation of the long-wire antenna known as the Beverage antenna is two or more
wavelengths long, fed at one end, and terminated at the far end by connection to ground
through a dissipation resistor. Often, it is nmdo of three wires to pr()vidt* a wider frvquvncv

range. 'i"nv antennaisin [dll(‘(l parallcl toir lC éroun(l ata m lénl of l)( tween 3 m .lll(l Om dll()
is Siiiiii()i’l('(x O wooaen or (lf}‘u i i‘l(}i‘li?()ﬂihi(‘{i‘v‘(‘ p()!f"a.

wl
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4.6.2 Transmission lines. Transmission lines connect radio transmitters and receivers to
antennas located some distance away. A single, insulated wire makes the connection when the
(qulpm( nt 1s (I(N‘ to the antenna dll(] in t'h(* prm(‘m context, 1s not consi«iur(ed to be a

ihmsmlssu n

i«

tics of transmission lines include their degr( e of(‘lm ‘tric dl lmldm e, their ¢ hllr(u teristic impedance,
and the attenuation. In certain apph(anons, itis also necessary to know the velocity of propaga-
tion along the conductors and whether the line is resonant or nonresonant.

1.6.2.1 Electrical balance. A balanced transmission line has two conductors operated at equal
and opposite potentials above electrical ground. Such lines radiate little, if any, of the rf energy
they carry. In an unbalanced line, one conductor is operated above electrical ground potential
while the other is at gr( und potential. Coaxial transmission lines are generally connected so that
the outer conductor is at ground potential. The grounded shield prevents radiation from the line.

Thus, they are uscd as unbalanced lines. Coaxial lines may also be used in a balanced mode for
short inter(,onnectmg lines. Open-wire lines are operated as closely as possible to a balanced
condition. 1mpropcr installation, such as in proximily to ronducting structures, however, can
upset the elec trl al bala ince of opcn wire lln(‘b Proximity to conducting siructures has no effect on

4.6.2.2 Characteristic impedance. Transmission lines with parallel conductors have distributed
series resistance and inductance. They also exhibit dlstnbutcd capacitance and conductance
between conductors. When an alternating current (rf) 1s applied, the electrical parameters
establish a relationship between the applied voltage and the current. This relationship is the
characteristic lmpeddn( e. Atagiven irequen(' it assumes a constant value for a line of infinite

fe ngln or [()I‘ a lm(* ie l‘ln”’ld[( (l in tn(' (nara(‘u risiic lnl[)(‘(ldn( €, re garm('ss ()I l( ng[h lht‘, most
I anavial o LI“ N

...... N ¢ ara goner II
Co4dxidr Hnes, soina codxiar canie, are generany

I"l}il‘(] mnees ()f \() or

t
75 ohms. The characteristie 1rn;\ml ince of onen-wire lines varies with the

pe
conductor size and spacing. It generally ranges from 200 to 800 ohms.

4.6.2.3 Attenuation. Attenuation is the loss in signal power that occurs during passage through
the transmission line. At rf, the major source of attenuation in the line is the resistance of the
('()n(ill(‘l()r%, :1]thmlgh some loss i1s attributable to radiation and to i(wukag(: between conductors.
Tl’illl\llll\sl()ll lines are generally rated in terms of attenuation constant, which is the attenuation

1.6.2.4 Velocity of propagation. In some applications, such as in matching devices, it is
necessary to determine a sl;,nal s wavelength in a transmission line. Wavelength depe :nds on
frequency and veloeity of propagation. The ratio of the velocity of propagation in the line to that
in free spaceis the velomlv of propdgdtl()n factor. Itis always less than one. Itisa function of the
dielectric constant and is usually glvon in the line manufacturer’s data. The wavelength of a signal
in the line, then, is given by 1is wavelengih in free space multiplied by the propagation facior.

1.6.2.5 Resonant and nonresonant lines. When a transmission line is terminated in a load
equal to its characteristic nnp(‘] ance, all the energy input to the line 1s absorbed and the
voltage-to-current ratio at any point on the line is equal to the characteristic impedance. In most
cases, however, the load does not t‘.\';i('tly match the characteristic impedance of the line and
accepts only a portion of the energy. The rest is reflected back in the line, resulting in waves
lru\'('iing in both directions .'1i()ng the line. The voimg(- atany pointin the line, then, is the sum of
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FIGURE 42. HF transmission lines.
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the original signal voltage and the reflected voltage. Thus, voltage loops Gnaximums) and nodes
LU UrigZiiral Dlhl(l l(h;n . . (h. Dy (57/ } L P, ’L >
(minimums) are set up along the line. The ratio of loop voltage to an adjacent node voltage is called

|
the voltage standing wave ratio (VSWR), or often, simply, stdndm wave ratio (SWR). The
VSWR ()f a line tcrmmat(,d In its exact (‘,hdractcrishc lm_pt,ddnw would be 1:1. Such a line is
referred to as nonresonant. In some instances, such as an antenna operated on harmonically
related frequencies, the antenna impedance will vary widely on the different harmonies

the : > rece I the edance

(antenna in the transmitting dlruhon receiver in the receiving direction). When all three
impedances are equal, maximum power is transferred to the load. Moreover, it has been shown
that some transmission lines are balanced; others, unbalanced. Sources and loads can also be
balanced or unbalanced terminations. Transformation between balanced and unbalanced termi-
nations may be required at one or both ends of a transmission line.

a. Series-fed matching is one method for coupling a balanced transmission line to an unbal-
anced antenna; for example, an open-wire hn > to a grounded vertical monopole. The match s
accomplished through a transformer by varying the coupling between the primary and
secondary windings as required. A tuning capacitor in conjunction with the primary winding
simplifies the matching. Such a circuit is illustrated in figure 43A.

Tragy Ben exaa oraascx ] YOS IS TN |
ine to an llbl ounaea vertical

> 1 el
o a base coil, as shown in figure 13B.
uttzuthnwnt is udJush'd to achieve the impedance match.

c. A matching stub can be used to mateh a nonresonant two-wire line to a half-wave dipole
antenna, as shown n figure 44A. The mut('hing stub is a r(‘sonant section, l.e., a quarlor—
wave section of transmission line. The impedance of the mal( 1 1g stub varies uong its

.................... S
knuwn. a qnartnr-wnvclvngth section Ui mlhcr open-wire or coaxial line, l\nuwn as a
Q-matching section, can be used to “transform™ impedances between the nonresonant line
and the antenna, as shown in figure 44B. The characteristic impedance of the Q-matching
section must be equal to the geometric mean of the two impedances to be matched. The
match may be a step-up (in impedance) or a step-down.

. An unbalanced coaxial line can be coupled to a grounded vertical monopole through a
shunt-fed match, as shown in figure 45. The coaxial line shield i is connected to ground at the
antenna base. The inner conductor is connected to the point where the antenna resistance
matches the line irnp(‘(]z\nco A (‘upa('itor is inserted in series with the short line connecting
the antenna wnh the (().ixml Imo s center conductor. Its purp()s'(* 15 to prevent slun(iing

the connecting

1 fi
Hnes lldll“dl Il'lllU( fance,
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FIGURE 43. Series-fed matching devices.
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Shunt-fed matching can also be used with a half-wave dipole antenna, as shown in figure 46.
Since the gamma match in figure 46A is an unbalanced feed, some current flows on the
outside of the coaxial shield and resultsin a skewing of the antenna radiation pzmorn This

skf'wmg is (‘llmmatf*d by a double gammd match, called a T match. The T match is shown in
...... AL D S I |; b A L M".,..._,\ [PNORER SOIY I PRSI, NI PR ISR R I
llglll(' “4UD. 1e 1a maiwcn in llsu[(‘ ‘1‘\)\1 Ib us WILIl TE€ldlLl 1y lllgll'lll Jeudrce UPC[I‘WI(('

4.6.3.3 Baluns.

[~

b.

Most HF antennas, with the exception of the vertical monopoles, are balanced antennas. The
use of coaxial lines to feed such antennas directly would result in antenna current flowing on
the outside of the ('ouxial shield. Such current flow would distort the antenna radiation

pattern. Devices which used to provmo conversm n of balanced to unbalanced states are
known as baluns. The term balun also encompasses impedance transformers. There are two
.S d1dU Ciico ll})( SIS Iorimerd> LHUTO dFfC LwWo

interest here.

Broadband baluns are specially wound transformers with either air or ferrite cores to couple
energy between the windings. Air-coupled baluns are generally limited to low and medium
power, under 1 kW. The ferrite-core balun power-handling capability is limited only by the
properties of the core and the windings.
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. . .
! J € [ S
ficd by the fact that most transmitters aret ‘igsi_ung:gi 1o pr OVt characteristie lmpml ince close 1o
4

that of some standard transmission line, « 50 ohms for ¢ deml lines and 300 or 600 ohms for

()pffn'Wll’C lmcs.

4.6.3.5 Multicouplers and rf patches. Multicouplers or diplexers enable two or more receivers
or transmitters, respectively, to be connected to a single antenna. Rf pateh panelsare included in
all major military instailations to permit flexibility in interconnection hetween receivers or
transmitters and the available antennas.

5 isthe

s

i : stem. A l¢ : ) ¢ u

for ground- mountcd antennas that are series- or shun fm or ()th( srwise fed in such a manner that
the ground supplies the return path for current ﬂ()wmg in th(‘ antenna. A ground system s also a
factor in determining the radiation pattern of other types of antennas. The two basic types of
ground systems are radial and ground screens. (FM 11-65 provides a detailed discussion of
antenna grounding.) For antennas which must be mounted above ground, and vet require an
electrical ground, an artifical ground known as a counterpoise is used.

4.6.4.1 Radial ground system. A radial ground system consists of radial wires extending out
from the base of the antennain straight lines. The length of the radials should be dppmximant!y a
quarter-wavelength at the lowest frequency of the antenna. There should be a minimum of four
radials, and they should be equally sprmd Near the base of the antenna, the radial systemis often
augmented by a grid-type ground mat.

4.6.4.2 Ground sereens. Ground screens consist of copper mesh and are installed near the

surl.i(,L at the base of the antennas. They are rarely used at HF because effective ground screens
are too large and unwieidy at these frequencies.

1 £ O B G- 2P ~a L . | s 1 .

+.0,%4.0 LOUunie rp()lb(“ < Vertrcdar dniernnas mounted dpDpove eiecirical gr()u”(] re IUIr( dan aruiiciat
ground system. A counterpoise, which is made up of radial, metallic spokes (wires or rods), serves
the purpose for bl_ul(,mg mounted antennas. For a whlp mounted on a vehicle, the metal of the

vehicle serves as the counterpoise

1.7 Modems. The fundamental purpose of a digital modem (modulator/demodulator) is 10 enable
transmission of digital signals over an analog channel, e.g., an HF radio link. Recently developed
modems, and modems currently under development, perform additional transmission functions.
These modems are covered in 4.9.4 and 4.9.5, respectively.

o} tran $
> 2 channel. !he mdlvuhml teletypewriter
su,:n.lls k( 'y lh(- shifting of suh(arrmr fn >quencies within the range of the nominal 3- l\”l volee
channels. The channel bandwidth of the individual telc,typcwnmr signal is roughly propor-
tional to the datarate: the higher the data rate, the larger the bandwidth. In FSK bandwidth

1s dir(-,(',tiy related to frvqucnvy shift.
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gu g the individual channels.
MIL-STD-188-100 has sldnddrdl/ul the widely accepted mm]uldtmn scheme for 16 teletype-
wril(,r channels. The scheme, based on a fr(,qm.n(,y shift of £42.5 Hz with a subunrltr
spacing of 170 Hz, is shown in table L. The standardized scheme is intended for signaling

rates of 80 baud or less. (A baud s a measure ofc.ig,;nuiinv u.pv(‘d For binary digital signals, itis

:-::,"

for t

(:quivuicni to one bit per see ond. ) To relate the 80-baud Slgjlldllll;_{ rate to tele type writer

......... 1. Ao 100 % U TR . e T A0 il . PR
speeds ana codaes, a 1UU-worda-pe r-minute {WpIin) signai \l\ln;j VAZ-anit start-stop ¢ :ode
produces a 74.2-baud signaling rate. A 60-wpm teletypewriter speed with a 5-unit synchro-

TABLE I1. 16-channel VFCT scheme.

. Frequency (Hz)

Channel
Number

’ Mark Carrier Space

| 382.5 125 467.5

2 552.5 595 637.5

3 722.5 765 807.5

4 892.5 935 9775

5 1062.5 1105 11147.5

¢ 1232.5 1275 1317.5

7 11402.5 1145 1187.5

8 1572.5 1615 1657.5

9 1712.5 1785 1827.5

10 19120 1955 19075

11 2082.5 2125 2167.5

i2 23525 2295 23375

13 24225 2165 2507.5

14 2592.5 2635 2677.5

15 2762.5 2805 2847.5

16 202D | 2075 2017 3

2032.5 2975 3017.5

1.7.2 Digital data modems. FSK s commonly used for data transmission at rates up to 1200 bits
per sec mnl (bp=). DPSK is often used for 2 2 100) bps. Some modems operating at Hn e rates use
QPSK or DOPSK. Some wmodens are programmable for Meaey PSK such as 2-0 10 or 8- phiase.
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4.8 Interfaces. HF radio systems interface electrically with communications users in various
ways, depending upon system application and overall configuration. In large-scale, complex
networks, the user interfaces are accomplished through elaborate patching and/or switching
sy&tcms and may include transmission links by other media, such as microwave radio or cable. in
taciical, transporiable sysiems, the interfaces may be more alru t, although sull ummng a[cmng

ceinol vabinalae aend st aleoen £ cvatame tho ioan iotaefoon e
AU, V( lll\ lll(‘l, llllll 1L DydDLUiln> 111T ud>Cl llll(llnlll 1>
' a

—_—

control and selm tion ()f[hc transmission equipment, whll even the (hr( «ctinterfaces Urowde 1ser
controls for operating mode and frequency selection. Network configuration and control is
incorporated in the more elaborate mterfﬁ(‘mg3 systems.

4.8.1 Bas syslem ('onfi,(:,uratlons. There are three basic HF radio system configuralionS'
1 1 .
broadcast, simplex, and full i duplex. ney are snown in ngure 4. The Droaacasl (‘onngurauon

%
b
Y
<
<
=
ot
=
o

w
speakers on the receiving end, telelypewrner sending and receiving units, facsimile equipment, or
other electrical signaling devices. The interfaces betwcen the end instruments and the radio
equipment are not shown in the figure for the sake of clarity. The simplex configuration allows
transmission in both directions, but only in one direction at a time. It uses a single rf channel. The
switching circuit enables the transmitter and receiver to access the same antenna in sequence. The
fuli-dupiex mode aiiows transmission in both directions simuitaneousiy. it uses two ri channeis:

PR U £ onwd sl ol Iy
I d 1 1 ll(,Ull 1

=

ier at {o.
4.8.2 Operational configurations. The basic configurations may be applied to a number of
()p(‘l‘d[l()ndl applications. qtrdte;,u long-haul communications tcrmmals may be configured as
fixed plant (permanent) or large-scale lransporlable installations. Tactical communications may
utilize transportable, vehicular, and manpack terminals, as well as the special terminals required
for ships and aircratt.

A091 LK
r.O.L01 X

a. Fixed plant installations may consist of as many as three separate, but interconnected sites
Major mslalldtmns prov -dmg worldwide communications ¢ dpablllly use many transmitters
and receivers and large numbers of antennas. To prevent spurious emissions from high-
power transmitters interfering with reception of the desired signals, the transmitters are
rommoniv housed at one ge-ographiua] location and the recervers at another. Because of the

high- p(JW( r ou[pl ts and high anienna gains involved, the two locations are scpam[cu by a

o natar thae 10O Lo (Yia ~r
A cawel Liiatl PV} niiL. AW AN L) vl
¢ 1S center orte lpnhn ne cent atas

ge nerallv referred to as a communications relay ¢ om er (CRC) s are intercon-
nected by microwave links or landlines. When only two sites are lmplemcntcd, the receiving
site usually serves as the CRC. Figures 48A and B illustrate the 3-site and the 2-site
configuration, respectively.

AV EA! 1 1 1 1n 1.,
D wnere onity one or two iransmiiiers and receivers are ”lV()IV( (] ln(‘y can l)(‘ colocared dt a

cinolo cita Targa conlo tear tabhlo torminale conarally g |\r(\||r1h eollaecation Soch eanllaea.

nlllhl\ D1 1.,a1 CTovart 1 Larn tolusiiiary LAty ifiivurlvo vunivvatruia CRACATI R ERIV AR AV ARYE Y

anspor : yir
tion requires careful attention to fre (uency selection and the minimization of transmitter
spurious ouiputs. Generally, fr((!ll(n(lth must be chosen such that at least 10-pereent
separation exists between all transmit and receive frequencies that could be in use
simultancously.
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FIGURE 7. HE radio system configurations.
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c. The AN/TSC-O60(V) series and the AN/TSC-99 exemplity the lamuly ot large-scale, lrzm%porl—
N N N PROURCU T P ’ N AL L1 77 ) DS S LW\ KA
able {“' imunnu!h. The >\N/ I k{,-(J(‘I(\v).) illld ¢, dnda nce [A\lV/ I'SC- ‘)(), drry the mlllldly
nomenclature, Communication Central, since they are totally self-con -
tions terminals. lh(‘vm(luir.jllllh( require irnimmnnnmcn[, modems ( o),

RED/BLACK terminations, technical (,ontrul, and t(,rmmdl equipment. lho dl\() include
the primary electrical power distribution subsystem and signal entry ports. flgunt 49 is a
block diagram of the AN/TSC-60(V)7 Communication Central. Figure 50 is an illustration of
AN/TSC-60(V) assemblages deployed in a typical configuration.

he pro nsion of elc troma g 1ctic (:ompali'biiily (EMC) is the
volvi pboard radio. The nature of the

<
ag
ua
—
=
-:

communications requirements al seais sue at coverage is required ove
azimuth. The 35-foot whip antenna satisfies this requirement and has become the N

shipboard HF antenna. KM becomes a problem because of the need to transmit and receive
simultancously and the need to serve more than one radio link at a time. These needs cannot be
satisfied by a profusion of antennas, since hinited shipboard area and ship architecture preclude
adequate separation of antennas. The classic solution to the prob]cm is a combination of careful

Irr(rquc cy manageme nt and \()plnslu ated filte rméj te cnmqm . Rf bandwidths are limited to one
percent of i}‘n? ope sating frequency and f rations are maintatned.

rieraan T L iy
l(‘lllll?llliv b(fl]dl ations Ul nve [H',l(',l'll
1

hed by :

r
g
ing multicouplers, and highly selective TF filters. Figure

n(lrl()wlmnd, slnpl)(mr«l HE terminal.

4.8.2.3 Airborne configuration. EMC s also’a major problem in airborne terminal configura-
tions. The problemis compounded by the weight and volume limitations of aircraft, as well as the
structural constraints imp(w-d onantennas by hiUh—pvrfornum(‘v atrcraft d(’sign% In practice, the
airborne terminals are ke pz xnnpl(‘ d[ the ¢ expense of increased complexity of the ground-based

aamcrcte b o lightwaisl ramonniune (o o
consists of a lightw '|5||i transceive L10r voice
an external modem for digital operation; an

antennac ounler with automatic antenna-tunin
arrcraft.

:apability; and an antennasuitable to the type of

1.8.2.1 Vehicular and manpack configurations.

a. Vehicular HE radio terminals are normally installed in tactical vehicles. They consist of
receiver-exciter, power ;unpiif"i(-r, antenna coupler, and power converter. The antenna is

N N N 11 . N . «~ N 1

commoniy a whip antenna, uu( the antenna coupler will permit tuning of an external

X ll,\.\’ AN Z7ORO_TOA r{il"l'ii{'v' (i{-

=
&
-
b

IR VAAS SR WLE R VIV

b, The AN/PRC-515 05 typical of manpack HF terminals. It consists of receiver-exciter, power
amplitier and coupler, pd(‘k frame and bag, handset, battery, and whip antenna. [tis vapdl)lc
of vehicular mounting and operation, and will also operate with an external long-wire or
dipole antenna. The AN/PRC-515 s iltustrated in figure 53.

1.8.3 Typiecal llll('l‘ld( es. User circuits aceessing HE radio systems exhibit a wide variety of
cireuit arrangements, Tele pn()n(- cireuits may lw .Z~w1rtr or 4i»~Wil'(‘, and theyv may use different

done e d wal B N SO |
rdod i e } lIUll( CITOWINS Hidy It cvdarrivag

ocombplex by metalhic cable no orthevimay he
SO COIpReN DV I tative eable prs,er ey may an

mnhl!»lt‘\m] mto a composite signal for tran~mizsion by amicrowave radio lml\.
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FiGURE 51, Conventional .s'hip'lm;n‘li HE terminal.
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FIGURE 52. AN/GRC-106 vehicular radio set.

4.8.3.1 Technical control facility interface.

a. In major fixed plant installations with a 2-site or 3-site configuration, interfacing with
system users is accomplished in a technical control facility (TCF) in the CRC. In addition,
certamn interfacing (primarily for flexibility of operation) 1s accomplished at the transmitter
and receiver sites,
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FIGURE 533, AN/PRC-S15 hightweight HF packset.

b. Metallic cable pairs which interconnect an HF facility and its users appear at the VF primary
patch bay in the TCF, as shown in figure 54. (For an explanation of TCF terms and concepts,

refer to MI1.-STD-188-310.) Voice slgnalmg and termination equnpmcnt prmud( the pr()pvr

mput mu oulpm lLVClS 11’1(1 le(‘ dny nece bbdry (Onvcrblonb lll Supcrw\my s1 7T¢ umr;
dreuits. On the sther side of the sic rnaline and termination

Si }n ies fl i u,l(}l" OIC Circuins. EH 4 5 ing d ninau Myuip

ment, the circuits: appear at the (qll'll level patch bay From the other side of the bav, circuits
carried by cable pairs between the CRC and the radio sites appear at the VE intersite patch
bayv for that cable. Circuits carried by microwave radio link multiplex channels appear at
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FIGURE 54 HEF radio svstem interfaces in tvpical three-site
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1010OW e s Jonrai 1 ul“,;llul Pdl\ (0 diiia ll«lld IMOueii.

[
roung, €xXae rlu 1or the
l(t\

Inthe ¢ innel 1e newriter for e

30 ) user lint-\' appear at [}n I]igi[;!!
patch on thP user side of the VECT modem. The FSK tone output of the modem goes to the
HF section of the equal level patch bay. Two sets of FSK tones, arriving from two diversity

receivers by way of the equal level patch bay, are input to the modem.

¢. The send circuits are routed to the transmitter site where th(:‘ are direc ll\ connected to
N 1 "1 [ s 2 "L N I '
individual exciters. The exciter outputs can be switched between power a pin ers by an ri
nateh Tha nawor o mo | I SN Ter barrmy | N Al rvioarrer v basa R T T
Pd.lbll. 111C l Ower aii }lllllLl Dy ifi turit, Cdfil j9 164 3Wll clicu dlllUllg dlll( lllld” DL A0tCirnld 1dtr il
hv J__nlhf‘r‘ rf natch
b other ri patct

d. At the receiver site, receivers can be switched among antennas at the rf patch. The audio
outputs of the receivers are routed to the TCF where they are assigned to appropriate
signaling and termination equipment or modems.

interface. Where transmitters and receivers are collocated, as in a typical
i 5 1, dcp’cnui ig on the
s ) ind the
uzndls on lhe ()th( 'r sldo of lhd[ equipment appear again at an audm pate h q( nd circults are
pdl(,h(,d to exciters. The exciters are pd[(,hl 'd to power amplifiers lhruubh an rf patch,and the
power amplifiers to the transmitting antennas through the antenna patch. In the receive direc-
tion, receiving antennas are patched to receivers at the antenna patch and the audio outputs of the
receivers appear at the audio patch. This typical arrangement is shown in figure 55.
4.8.4 Remote ¢
a. With computer-controlled equipment, HF transmitting and receiving installations can be
remotely controlled. With an established communications network, as shown in figure 56,
and predetermined message priority structure, control can be exercised l»y system users. By
dialing a three-digit code, for example, a user can gain automatic interconnectivity with a
desired network location. A programm('d prioritv ass‘ign('d to the l‘aiiing user line enables the
call to take precedence over calls of lesser pn()rllv Likewise, a sp( clal ¢ am an have the same

AN A I N TN

ThL . i ey I T
1S, COMmdna ana coniror cominui

1 )
|nh-rrnr>:|| ary tee ‘hnieal nnrennnﬁl Or manu l n:;!rhinu an(! swite I'nng ls- }1 “('_'gl )"."b()!‘.!!(l

r
ediary technical it al pe
carry out lhf' necessary functions of mltml nctwork establishment and function program-

ming, operational monitoring, and routine and emergency maintenance and repair. In a
3-site configuration, they carry out the monitoring function from a console in the CRC.

b. A typical remote ¢ ntrol sys!om would include an electronic switching system (ESS) at the
CRC of an Hi‘ nstallation. User locaiions would be inierconnecied wiith ithe CRC and ihe
QS Ly l“l icated circuits. (A dedicated circuit is a full-veriod reserved line between two

} I ] uva itvu LlllullD \A\ uvuliLd llb\l il uIir 1oa 1uin ‘Il.;l IUWU 1 UDUE VYOU 11U puLlyvywuoogpl (vwuo
locations.) T h ESS is programmed to select the exciter and receiver with the available mode

(voice or data) to match the user mode and the appropriate emission type (SSB, 1SB, FSK,
ete.). The ESSis also programmed to issue appropriate supervisory srgjnals to the transmitter
and receiver sites to produce the required interconnections to establish the radio link. An
operator’s console is included at the CRC for the circuit monitoring and maintenance
functions. Asshown in hgure o/, both trattic and control signals pass between the LRt and

sl o
e rdaalo sites.
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FIGURFE 55. HF radio svstem interfaces in typieal transportable or one-site {collocated)
configuration.
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¢. Computer-controlled switching matrices at the radio sites provide for remote selection of
transnntting p()w('r umpiifivrs‘ and antennas in the send (iir('('ti(m, and antennas in the
receive direction. Microprocessor-controlied u[ulpm( nt cnables remote selection of fre-
L . .

1}

1.9 HF signal enhancement. [t is evident that the ionosphere (see 4.2.2) exists in a state of flux
and t'hul radi() waves rf*frartt-(i or rvﬁev!(*d by 1t rl(‘('(‘ﬂs‘ariiy exhibit certain unstabie c'haracl(*ris‘-

et
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sother than the intended points. They may vary widely and

tions l‘(,llabl]l[y. Sophlslmdted t,rror~dcu,u|0n-dulomdtl(,-correctlon (LDAC) codmg provides
greatly reduced error rates in data communications. Computerized ionospheric propagation
prmli(-lions aid substantially in system df:sign lonospheric sounding (see 4.9.3.3) provides data
for reliable propagatl()n forecasts and assists in ()pc‘mnondl !reqm ncy manag,em(*nl Automation

of the sou mlng mnruon, in combination with adaptive equipmeni features, enables real-time
link-quality analysis and adaptive response. And the application of d-spectrum waveforms

I i )] a-sp W
iable ¢ nrnrnnni( ations in the face of severe interference. including dehiherate

jamming.
J [ohe

4.9.1 Diversity. The signal enhancement brought about by diversity operation is attributable to
the fact that different radio paths undergo largely uncorrelated variations. That is, variations such
as amplxludc lddlné do not oceur sunulldncously to an identical extent in two separate paths The

(l( ;’r( € ()l anr()\( mernt nr()ugnl dl’)()lll [)V mw‘rsnu ()p( rauon I [)CI]GS on ln(‘ extent Ol [ne ld( i\ I'

correlation between the ,'.r:;pzi;:d:m.".-:.':duapf:d variations in signals received over two or mor
r,ut.hs. Fhe common forms of diversity are space, frequency, polarization, time, and path.

4.9.1.1 Space diversity. Space diversity requires two antennas, each feeding a different receiver,
spaced sufficiently far apart such that the pvrturl)zuions in the signals arriving at each are largely

uncorrelated. Gene l‘(lll\ Laspac lrwul five waveie nulhs pr()\ldf-s reasondhlc lack of correlation. ()i.

(7(1'\“"8(" 3 ldfl‘ Si)ﬂ(f”lg (& ll\l( (344 I[l(‘ (M9} i 1 < l
all tayinetifvthe ineroacod 1. I
tr iu Siii CHIU, FEIU. L ¥ 1074 i¢ 1

ty combiner (see

and, overa _pe,rmd of time. Iln unnlnnml signal will have a higher average \’dlll( lhdll ¢ 1th( T ()f lh(‘

O

separate signals.

’/A.{’ .2 ' ‘lll('"( ) (ilv"r\ll‘. \lgn(ll cnhanceme n[ (llJ(' Lo l’r l e n() d ver l 1S ' yase (l on l“l‘
o URTY FR A M. (ST & URUTTI | Y A - crerrally T eniias bhoy .“.‘l,‘.-“\..o,\.lul... [ P N

dad>ddu lll)ll()ll tinrat I(“llll:’ TOUUS TIOL AdNIeer a1t lllll freaest (l(‘(llly. 1 ld‘y [ 9191 lllllJlt, Horrru llll()ll;.;'l Lt

use of two carrier frequencies or two tones on a single carrier. Both methods are wasteful of the

already congested HE spectruim. Carrier-frequency diversity, which provides superior perfor-
mance to llm other mo!h(n], requires two separate transmitters and two separate receivers, but no
additional antennas if diplexers and multicouplers are used. Normally, ground-based frequency
diversity installations will employ separate antennas for each transmitter.

4913 D tWo I'ii’g'
1S

i
n{)rnmlu sol g tworee ey m rantennas

p()lurm-(l: lht.‘ olht‘,r, vertically p()ldll?t-d — which can be n]dud in close

r. .
antennas nr)l;gri’/: 1

won dh

1t
— one horizontally
proximity to cach other, the desired signal can be rece lw,d over two somewhat uncorrelated paths.
and long paths, space diversity with adequate separation provides better performance on long
p:nhs.
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4.9.1.4 Time diversity Time diversily, used in data communimtion% takes advzmtage of the fact
thdt orror prod mg perturba ons usually occur in bursts of mlrlv well defined duratlon The

) s dditio

require modcms capdblo of repeating message units at the proper m[grvals and (‘ombmmg the
received message units in the proper time sequence. The method provides important sngnal
enhancement even with frequent error bursts, but it does so at the expense of reduced data
throughput.
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4.9.2 Data error control. A number of methods are available for error control in digital data
transmission. They range from simple loop checks and automatic repeat request (ARQ) methods
to forward error control (FE?) and error-detection-automatic-correction (EDAC) schemes. All
error comrol is achieved at the expense of reduced data throughput and increased equnpmem

~ s £ ~ v i HE i e dacand LAJL 0.,
SCIICIICYS lllUbl ll('hlu( llll)’ ubdcu 1 11r ‘ﬁ’yblt‘lllb ar€ aescripea orie lly
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4.9.2.1 Loop check. The simplest error control method is the loop check. The receiving station
sends received data sequences back to the transmitting station, where they are compared ‘with the
original sequences for accuracy. If a sequence has errors, it is retransmitted before the next
sequence ts sent. This method requircs a fu”-dup]ex config,uration It wastes time and transmis-
sion ('led( ltv On theother hand thereturn link in a fuli- dupl(‘\ system is often underutilized. No

“““““““ ‘oding is required.

4.9.2.2 ARQ.
a. ARQ systems use error-detecting codes. Such codes may be quite intricate and have a high
degree of redundancy at the expense of data throughput, or they may be fairly %lmpl(‘ wnh
very little redunddncy One Commonly used code in HF teletvpowrlter system% is known as

the 3-out-of-7 code. Fach tPIetypewrxl(‘r character has a 7-bit code: 5 data bits plus two
extraneous bits. The se JUPRNURTUIN I I SNSRI B TS TSSO [N T BN
exXirancous nits. 1 ne seven Ull\ are so dlld”gﬂl] LNAl 11 TNOTre Or 1€5s tndr tiree rmdarks, or 1 5,
are detected at the rm:riv:."." end, the resulting character is interpreted as an erroneous
character. There is a somewhat remote possibility that an error burst could mimic a

3-out-of-7 code character, in which event, an erroneous character would be interpreted as
correct. Even so, the code enables a marked improvement in error rate on HF circuits.

b. There are two types of ARQ: “stop-and-wait”” and “continuous’”. The stop- and-wait is the
1

most widely used. In both types, the data message is mvnded into blocks of preaelermmm iengih,

before tmnsmlttmg thr’ next block If the receiving wrmmal returns a negative acknowl-
edgement (NACK), meaning that an error was detected, the transmitter retransmits the
block. In the continous system, the transmitter continues sending blocks, constantly
receiving the return ACKs or NACKSs. The blocks are individually numbered in sequence,
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k the trdnsmlttcr wm mther retransmlt

mitry and L-‘rrnr:nn in tho teancmit and
Cuiti y allu Llull(lll15 I LIET Ll atidenne dariy
RO . uses simnler equinment but reduces
nyy, uses sim p:ier equipment bul requces

4.9.2.3 FEC. Instead of error-detecting codes, forward error control uses error-correcting codes.
Such codes require a large number of redundant bits, with consequent substantial reduction in
throughput. Although error-correcting codes are not as reliable as error-detecting codes, they
have the advantage of not requiring a return path.

4.9.2.4 Combined ARQ and FEC. In cases of excessive error rates and retransmission time,
ARQ and FEC can be combmed to advan!age One combining technique uses a qmgL code

ARQ comes into play only when FEC is madequate to correct the errors. In another melhod, a
predominantly ARQ system includes some error-correction capability to reduce the number of
requests for repeats.

1 Q092 RINNALS Covy 0 oL PRy . LIL .t ciom mrmsmeiday ammamed i e ~aon Do 1
o7 2.0 LI AAL,. QOITNIC O UIIEC HIOSTU duvdiiced I11r bybl SIS UsSe CUI ]PlUx c11Coal lg dIria aecouautl 15 to
nrn\vu]n nrrnr.(lntnnhr\n r\nfl Aantamatic ecorrectinn Mnlii:inun nnAnc nNown ac nnn\ln‘ni;nnql
provide error-detection and automatic correction. Multistage codes, known as convolutional
codes, are used with complex decoding algorithms. An advanced system concept, referred to as

robust HF, uses, among olher features, a 7-stage convolutional code and a hard- do( sision, Viterbi
decoding algorithm. (A hard decision in this context is simply a 2-level, pulse or no-pulse,
decision.) The Viterbi algorithm is based on a trellis structure as opposed to a sequential structure
and is named after its designer. Again, FM 11-486-24 provides detailed discussions of coding
concepts and l(:rminoiogy.

1.9

stream so that they are disy wrspd in time. lt 15 (ff((nvv i assisting the operation of error-
correcting codes on burst errors of substantial duration. It s (.ommonlv used in conjunction with

EDAC.

1.9.2.7 Pa ket swnlchlng Packet switching is a form of store-and-forward message switching

hl ne communicaiions in Lompuler nelworks JVI(“%%agCSdl(‘

al-time mac nl e-to-ma

~

re
........ | N N PO JPPNY I,,..,-.L i eneloce n P e Y S N TR | PO% I PPN
(IIVIU( U IO DIVUKDS U dUL l(llblll dlitl Ciiviouscu lll d 1 Islldl ITame Sirucuure canea a l)d(,!\t L. Ldcn
acket contains the destination address. other control information. and an error-«¢ etection code
AR CONLAaIms 1N Qsinduion aGQUress, oer Conror Iormation, ana an error-geieciiorn coue.,

I'he transmitting terminal retains each packet until it receives an ACK from the receiving
terminal. If an ACK is not forthcoming in a preset length of time, the transmitting lermmal
retransmits the packet. Upon reception of the final ACK, the transmitting terminal deletes the
packet from storage.

A (Y D A 1 . 1 8 & nl iy . . 1 ] 11 1 1 L 0§ AN 1 1 1
4. \} ) t\uapllve K. rtistorica ly, SKille ()perdlors nave aﬂap[ea nr lnks io ine Conslan[ly
nnnnnnnnnnnnnn A rrindizime Tha mmnct avimarianrad Aanaratare Lrnow whon a framiinnng wessld
t“dllbllls propagation medium. ine most experiencea operators Knew when a irequency woutd
ston nronagatine and which new frequencv (from the assigned freguencies) would nermit con-
stop propagating and which new frequency (irom the uvu.b ed irequencies) would permit con

tinued operation. As propagation forecasting became a well-developed science, operators used
puhhshul frequency (,harts and broadcast ddv150rl(’§ from stations operated by the National
Bureau of Standards (NBS). At the present time, day-to-day operations are more likely to use
computerized predictions or prediction services, including those available from the U.S. Army
Information Systems Engineering Support Activity (USAISESA), Fort Huachuca, Arizona. The
published data is more useful for predictions required in system design. In many instances,
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ionospheric sounding is used to pr()vido real-time data for operations. Advanced adaptive HF
V:[( msare now comi ng into be m” Under mie r()pl Oce

v . R TII '
sor control, they monitor the HiF channel

) R U T S .
(uuuu U_V Clld I ?L( lll\’ll( e \,(NlJll\ll I;'J

4.9.3.1 Published propagation forecasts. Propagation forecasts published by the U.S Depart-
ment of Commerce, available through USAISESA, cover {_,roundwavc and sl\vwaw propagationin
three sets of books. The skywave books are pubhsh( «d in two sets: one for intermediate and short
distance skywave, the other for anr/ground skywave. Also, the DoD Electromagnetic C ()mpdnlul-
ity Anaiysis Cente r(E LAL) Ammpol]s MD, pubhshcs qudrtorlv propdgdtmn xupplements for the

| REL S P Services
U.O. Inlldary servi LCb.

a. Groundwave propagation charts for Sf’!f‘(’icd areas of the world provide pred;c! ed distance
ranges. Charls re currently dvmlabl 4 areas located in the continental United States,
Central America, Europe, Afrmd, and par of Asia, South America, and Crc‘ :nla d Predic-

tions in the charts cover all seasons.

'he Intermediate and Short Distance bkywavc (ISD) Books give the MUF, FOT, and L.UF
They are useful for propagation predictions over paths up to 2400 km in length. There are 33
IQAN hanke ravaring tha crantinantal Flaitad Qtatae Cantral Amarica QAo Armarieon
YWy =g WUURND Tuouyvol IIIE 1ti11v wvuliLiiivliiial ity \’lall»" sttt at IVILIC lkrl’ A NN lllll(ll\;a,
Europe, Africa, Greenland, and parts of Asia. The air/ground skywave (A/G) books give lists

/ )
of frequencies for air-ground communications within an 8340 km radius of 57 selected
ground stations throughout the world.

c. Inaddition to the groundwave and skywave propagation books, USAISESA issues reports in
the form of messages on (iav-ur(iay ionosp'h(*ri(: activity. lhv  reports cover T-day p(‘I"IOdS
They are based on messages and alerts from Global Weather Central, an element of the Air
Weather Service

vy Cdurier rvice at

—
-
—_—

nay Ta 4
.............................. geomagnetic activity next 7 day
(shorl»t(,rm for(,(ust) and th(: next 30 davs (la ng-term forecast). nw uporls H)lllld(‘

narrative descriptions of propagation conditions over polar, auroral, and low, mid, and
equatorial latitudes.

1.9.3.2 Cc )mput(*r pre(iivli(m modeis. (nomputvr prv(ii(‘ti()n models serve a number ofpurpos"m
A AL Y. Vi

rzmginé (62441 dlldl\‘vl% ()1 propose (l communications Ilnl\S io (,l(‘( [r()md"nvn( (()mpdn )llll\ (SR A l

e | al\, INYVN o daare 1o Tol b, l\/ ].‘ tha vmact miraaminnnt of tha (airmrmant
assessmient ana the etiects of nuciedar plasts, ranie 1 ISUS e MOSU profmineiic O e current
models. A number of computer pre diction mmh*ls and cnmnnn'n/f}d prec diction services are

available through USAISESA; among them PROPHET, I(mosphcn(, Communications Analysis
and Prediction Progrdm (l()N(,AI’), MINIMUF, and MINIMUF BASIC. Predictions are also
available from the Air Force Communications Command (AFCC), Naval Electronics Systems

Command (NAVELEX), and ECAC.

achieving a Iuw probability ()fmtvr( eptand ]o( ation by th(* ene d tore dm eV uln( ml)l‘
ity to Jammmg All models in the group are designed for pr ogrdmmdblo calculators. The
modcls re qu:rc ()némnéJ s()flw‘xr(* and ¢ nvmecrm supporl whmh is provided by the Army
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TABLE V. Computer prediction models for HF.

Model Acronym Agency
High f{requency communications assessment model HFCAM FCAC
HE electromagnetic compatibility HE EMC? NOSC
HE maximum usable frequency evaluation HEMUFES-1 ITs
lonospheric comm analysis and prediction program IONCAP I'TS
Mintcomputer model for predicting MUF in HF comin MINIMUF-3.5 NOSC
Effect of nuclear burst on HF communications NUCOM-11 SRI
Propagation forecasting and assessment system PROPHET NOYSC
Quiet-time lowest usable frequency QLOF NOSC
HEMUFES-4 jonospheric propagation model RADARC NRI.
Sudden ionospheric disturbance grid SIDGRID NOSC
HF skvwave propagation model SKYWAVE ITS
X-ray flare and shortwave fade duration model XRAY FLARE NOSC

ECAC — Flectromagnetic Compatibility Analysis Center
I'tTS  — Insutute for Telecommunications Sciences
NOSC — Naval Ocean Systems Command

NRI. — Naval Research Laboratory

SRI  — Stanford Research Institute

b. TONCAP 1l-year propagation analysis. [ONCAP was developed by the Institute for
Telecommunications Sciences (ITS), the National Telecommunications and Information
Administration (NTIA), U.S. Department of Commerce. It includes an 11-year propagation
analysis, the purpose of which is to provide data for HF system design that will permit a
specified level of performance over the extremes of sunspot activity experienced in the solar
(ty(:lc. l’rogram users input transmitter and receiver Iocations, transmitter power output,
required signal-to-noise ratio, frequency limitations, and estimated man-made noise levels,
The program contains the necessary ionospheric physics data. The program can assume
either isolr()pi(‘, (thcoreticul p()in( source) antennas or models of antennas from either
internal or external sources. Special output routines can be invoked to provide the required
frequency range, the range of required take-off angles, the required overall system gain, and
low-end cutoff frequencies. The data are intended to provide system designs that will vield 90

percent circuit refiability for 90 percent of the hours over the {-year solar evele.
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IONCAP point-to-point propagation prediction tables. Program users input transmit-
tingand receiving location coordinates, antenna types, required signal-to-noise ratio, desired
month, sunspot number, man-made noise level, and the available frequency complement.
The program outputs a table of reliabilities as a function of frequency and time. The
reliabilities are presented to indicate the percentage of undisturbed days during a month that
the required signal-to-noise ratio is met or exceeded. The charts are available on a one-time
basis or as a recurring monthly or quarterly report.

MINIMUF. MINIMUF is a PROPHET program for predicting MUF using small-scale
microcomputers. The original version was developed by the Naval Ocean Systems Center
(NOSC). It has only 80 program steps and permits the use of only a few input variables:
transmitter and receiver location, time, date, and sunspot number (SSN). It assesses
propagation by way of the F layer only with alinear MUF/SSN relationship. It is reasonably
accurate for frequencies between 2 and 30 MHz and distances from 800 km to 8000 km. To
extend its usefulness, MINIMUF is also available in the BASIC programming language. Later
versions, though longer and more complex, include such accuracy improving routines as a

nonlinear MUF/SSN relationship.

1.9.3.3 Ionospheric sounding.

b.

C.

Sounding of the ionosphere provides research data for the various propagation forecast
publications and data for frequency selection at the time of the sounding. A sounder is, in
effect, an HF test link. It consists of a transmitter and receiver and uses its own or the
operating system antennas. A step-sounder transmitter emits signals at discrete frequencies
over a range of frequencies. Chirpsounders(R) sweep the frequency range. The time delay
between transmission and reception on each frequency is translated into ionospheric layer
height. An oscilloscope-type display, known as an ionogram, shows height as a function of
frequency, thus, giving a display of available skywave transmission modes. The groundwave
return is also displayed. Some modern sounding equipment has added a printout capability to
the display.

There are two basic classifications of ionospheric sounding, depending on the location of the
sounding equipment with respect to the ionosphere: bottomside and topside. Bottomside
sounding is accomplished from stations below the ionosphere, generally ground stations.
Topside sounding is accomplished from satellites above the ionosphere. Both types use
either vertically incident or obliquely incident radio waves.

Vertical-incidence sounders use collocated sounding transmitters and receivers. They direct
the signals vertically to the ionosphere. An algorithm is used to convert the vertical-
incidence data for use on oblique paths.

. Oblique sounders, using a transmitter at one end of a circuit and a receiver at the other end,
provide more accurate results for the usual oblique radio path.

4.9.3.4 Frequency management using sounding. lonospheric sounding provides an up-to-
date basis — in some cases, real-time — for frequency management of HF links and networks.
Used in conjunction with spectrum analvzers, they display received power level as a function of
frequency and enable selection of clear (not in use) frequencies that will propagate in the desired
manner. (Modern spectrum analvzers are microprocessor-controlled receivers that monitor the

frequency band and provide a (]l\[bl.l\ of spectram occupaney and noise conditions across the
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band.) The AN/TRQ-35(V) Tactical Frequency Management System is an example of the
mmbnmhon of l()n()bp}l(l‘l(, soundmé and bp(,(,txum momtormu to prov;dc timely dam for

[)l(l\l(l('\ data on \\.hu h fre uen cles are propaga

ratio or error rate p(‘rf(n mance the y W ill pl()vxd(’ L. (,)A uses thv same transmitter, receiver, and
antennas used for traffic, thereby provndmg performance analysis of the active link. It monitors
in-traffic frequencies and performs tests on unused assigned frequencies.

1.9.4 Advanced adaptive HF systems. Advanced adaptive HF systems automatically monitor
the propagation channel and ('nange f’r‘equer cies and data iransmission raies io adapi to the
channel characteristics. The radis equinmen! is desiened to operate under mieroorocessor
. ThILIT vilarauiuvi iauauvo,. I 1T 1Tauiyv L\’ul oI Lre3 u\,lel‘bll tuU v viate uiituc: il UlJl ULLOdOUl
control. System (:on.lml is generally provided by advanced modems. This subsection describes the
most used features made possible by advanced adaptive monitoring and control

a. Selective calling and scanning

b. Automatic LOA (ALQA)

p Anitaamatio immtorcnannontivity

A Zryuaaiuniiacniv e bUllll‘/bllVll'y-

d. Automatic relaying.

e. Code combining.
1.9.4.1 Selective (‘alllng and scannlng. Selective cal mg or automatic hnk establishment
{’\}Jr':) , 18 bdﬁ(‘d on lll(' (l\\lg”“l('“i >Jl UISC['(’l > addresse totne l[lUlVlllUdl stati O 14 I’eiW(')Tk
initiate a eall the user selects the desires o trancmittor lvov\nr:)']n thronge

tratc a l(lllg LI, UDUT JUIULILD LIHIU UWUdIL vy 1L tLAandiriiivel k) Bbllbl arll il Ul‘sl
automatic keying device such as a dual-tone cy (D'TMF) telephone handset or data
terminal. The transmitter repeatedly tre on each of the assngned frequencies in

turn until the addressee responds. The response occurs wnlhm seconds (5u, 4.9.4.3), since all
receivers in the network are continuously scanning the preset channels for their addresses.
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1.9.4.3 Automatic interconnectivity. When a user initiates a call, as in 4.9.4.1 above, the
transmitter selects the best fr(*quon('y for the call from the link qualilv data base. Moreover, cach
tmnbmltlcr stallon has the (Llpabxlxty to monitor the spectrum or the dsslgncd !rt,quen( 1es and
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1use. Thus, if a frequency identified as best Dy the nnk quatity aata
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Hter automat : next best frequency from the data
N Y

Ly% reciprocal, a “hands} '1_kmg process between the transmitter

bllsht‘s the optimum frequency for reciprocal operation. Inter-
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9]

sured.

’f J

connectivity is dlll()llldll('d“\

90

e e e ——rm e e m s e —e—— ———— oo -

WVYVRCLLIGUAE wVYLillibw & va s



MIL.HDBK 413

1.9.4.4 Automatic relaying. In cases of difficult transmission, significant improvements in
connectivity can be achieved through automatic relaying. If a transmitter cannot contact a desired
receiver directly because of ionospheric conditions or jamming, a preprogrammed microproces-
sor, using ALQA and spectrum monitoring, can automatically sefect an alternate receiving station
and relay ihe transmission i'nr()ug'n ihai siaiion to ihe desired receiving siation.

149045 Code com de Or erro
technique consists of combining data pack s from different transmissions. Single packets are
retransmitted as many times as necessary, up to a pre-established threshold point, so that when
they are combined and decoded, the resultant is error-free. Data throughput, of course, is reduced
in accordance with the number of packet retransmissions required.

ovides ameansforerror-free communications. The

mbininw. Code combiningr n 0
b Rel l

ectlon Notable among the high performance systems
currently under dvvclopment are Regency Net, Advanced Narrowband Dlgnal Voice Terminal ,
and Navy High Frequency Anti-Jam and Newlook.

1.9.5.1 Regency Net. The purpose of Regency Net is to provide reliable, jam-resistant record
(digital data) traffic. i uses a combinaiion of techniques lumped togeiher under ihe name, robust

a. Robust HF takes advantage of signal-enhancement techniques and elaborate network archi-
lu‘tur(‘ Basncally, it uses fr(‘qucn(,y hopping spread spectrum with a specially designed
“energy’’ receiver, sophisticated coding and decoding for synchronization, error detection
and cutomatic correction (EDAC), real-time ALQA to activate adaptive features, and a
tree-structured n('twork (see figur(~ 59) with redundant routing. Robust HF systems are not
affected by multipaih or interference from aimospheric or man-made noise. They perform
well against even extensive j

b. The modulation format is frequency-hopping spread spectrum, using assigned frequencies
over the entire range from LU F to MUF. The frequen(‘y hoppmg format uses FSK to enable
detection by the bandpass-filtering, envelope-detection method. If significant energy is
present in the hdn(lpdss for a given fre quency, the recetver inte rprets it as a sxbnt\l at that
frequency. Conse qm ntiy, if a frequency- lollowm;, Jdmnu ris bmngj used, energy will be

4
e

1 PP 1 .k .l
present in ihe anupd s {at P()\SII)IV greaier magniiude ihan ih s desired 5|{7na| cnergy) and
tharanoivar will antamatioalluy intarnrot tha nrocanco afl the anorov ac tho doacirodd U.ynql 'he
the receiver winautlomatically interpret the presence of the energy as the gesired signal. 1ne
decision time-slot 1s made suffic ipntlv narrow so that lgmv-dgsn(‘rsu n hv multinath has no

effect. As long as energy exists durmg the time-slot, the receiver will interpret it as a signal
and cut off further rec eption of energy arriving later from the same slgn.ll.

c. The basic encoding scheme is 7-stagc convolutional coding. A hard-decision Viterbi algo-

rithm 1s used for demodulation. {(Refer to FM 11-486-21 ior oxpmrmlmn of coding and

S P DRSNS DI LA I BN NI
> uuapln(, ucoeoeut IS ll’V COoue Compiiii I‘l;.

Ao e Lty AT AOYA
AeCoaIng ecnniques. ) ALagn i

1952 Advanced Narrowband l)lmlal Voice Terminal (ANDVT). The purpose of the
ANDVT s to enable !h( transmission nfen(‘rvpt( «d, digitized voice signals over l”‘ Imks It usesa
signal compression scheme called linear predictive coding (LPC) and a 39-tone, bit-packing,

modulation scheme.
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LPCencodes a voice signal as numbers derived from the instantaneous spectral characteris-
tics of the signal. While the numbers bear no analog relationship to the voice signal, they are
used in demodulation to produce an analog signal resembling the original \'Ui('(‘ signal. At the
present stage of development, LPC compresses a 3-ktHz voice signal into a 2.4 l\bps digital
data stream. The algorithm which brings this about uses a linear math(,mdtu al re I.m(mslnp
to predict the value of each successive sample it is digitizing. Once the data is encoded by
LPC, it is encrypted by combining it with a string of numbers generated by a “key”
generator. Upon reception, the bits are synchronously detected and the stream is decrypted
by the same key used for encryption. The inverse of the LPC process converts the resulting
numbers to the original voice signal.

b. Transmission of the 2.4-kbps encrypted LPC signal would normally require 6 kHz or more of

4.9.5

bandwidth using AM, binary FSK, or biphase PSK. For HF transmission, it is desirable to fit
the signal into a 3-kHz transmission bandwidth. ANDVT does this using a modulation
scheme which achieves a 1-Hz/bit packing density. The 2.4-kbps bit stream is split into a
number of parallel data streams of lower rate. Each of the slower streams modulates one or
more of 39 tones within the 3-kHz bandpass. The modulated tones are then applied as a
composite signal (similar to that used by VFCT) to modulate the exciter stage of the
transmitter.

.3 High Frequency Anti-Jam (HFAJ).

a. Navy shipboard HF systems face the severe problem of providing EMC with minimum

sacrifice of system performance. Moreover, conventional shipboard HF terminal configura-
tions are not compatible with the broadband requirements of the newer, enhanced-
waveform, anti-jamming systems. Finally, the time required to change frequencies pre-
cludes the use of automated adaptive techniques based on rf channel-scanning. To eliminate
these drawbacks to effective use of modern HF techniques, the Navy is engaged in the HFA]
research and development program.

b. The HFAJ is aimed at providing a wideband system in which the key elements are: highly

linear transmitting power amplifiers, rapid-tune whip antenna base tuners and couplers
operating under microprocessor control, and a programmable modem. The modem 1s to be
capable of multichannel fleet broadcast and interoperation with TADIL A, Link 11, the data
mode of the ANDVT, and MIL-STD-188-200 «hgnal data. The HFAJ also includes the
development of an anti-jam modem. Figure 60 is a block diagram of the proposed HFA]
wideband system.

4.9.5.4 Newlook.

The Newlook development program is aimed at providing reliable, wartime communications
over ground-to-ground, ground-to-air, and air-to-ground HF links. The system will use
AL QA adaptivity to enable operation under conditions of disturbed 1()nospherv (caused by
solar flares or nuclear explosions), as well as the normally constantly changing ionosphere.
According to system philosophy, however, adaptivity concentrates all system resources to
determine and execute the one strategy most likely to succeed. Diversity, on the other hand,
dilutes or augments system resources for the execution of many strategies, with a high
probability that one or more of them will succeed. Consequently, Newlook also makes use of
frequency, time, and space diversity.
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FIGURE 60. Navy High Frequency Anti-Jam (HFAJ) shipboard terminal configuration.
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The system uses quaternary FSK to send two data bits per frequency ina frequency-hopping
signal format. Coding and decoding algorithms are designed for EDAC. The system uses a
network structure that provides multiple relays and enable% path diversity. A companion
program, Stresscom, is aimed at producing a transceiver to interoperate wnh the Newlook
system.
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In addition to the major development programs, there are currently available a number of
high performance modems which incorporate many of the features of the major systems.

The trend in high performance modems is to combine many features. Thus, a singie modem

will [mu itiplex data signals of various rates, originate transmissions to selected locations,
noba .hL P T S P S L Lol achenadanat matwwnanka tianlly all
Cbldl.l 1511 bUllllCLllVll)’ OVEr Statiorni- lU'DldllUll 1ITIKS OF O75aGlast icitwor I\D, aulUllldllball.y lJUll
receiving stations, change modulation type, change the order and type of diversity, accom-
modate a variety of signal formats and protocols, perform ALQA, accomplish bit-interleaving

for time-dispersion of signals, and operate EDAC schemes.

An important function provided by many modems is interoperabi]ily Different communica-
tions applications among the three services, other agencies, and cooperating foreign military
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y of formats \N/F(GC-54 NEPLEX) 12 2400-bps dat Navy
oade

ﬂ('(‘l l’)r ast (VECT) ; the MIL-STD-188- 200 16-tone PSK; the Navy Tactical Data Syster

(NTDS); the Airborne Tactical Data System (ATDS); the Tacllca] Dlg]tal Informatlon L mk
(TADIL); and the STANAG (NATO) 5511 Link 11. Because of the lack of standardization
among the systems of the various organizational entities, the responsibility for interoperabil-
ity falls upon the opc*rutiné elements and 1s a(‘(‘ompii%'hed through rompie‘( modems.
MiL-STD-188-148 is the Dol interoperability siandard for anii-jam HF communications
systems. All new equipment procurements and all systems modifications for anti-jam HF
systems are _rrmnrml 1o he ahle to operate in the MIL-STD-188-148, Tri-Service Waveform
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5. DETAILED ENGINEERING

5.1 Overview. HF radio sys(vm dcs‘ign consists primarily of the detailed t-nginwring of individual

radio jinks. Individual links can be formed into Lommum( ations networks lhroug_,h the deve I(Jp~
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2.1 Geographical location. The geographical locations of the communications systems users
l)ro dly establish the radio terminal locations and, thereby, establish the important link design
parameters of path length, operating frequency range, atmospheric noise level, ground conductiv-
llv and antenna selection,

a. Path length determines the major system power loss factor — propagation distance loss —
that must be offset by the transmitter power output and antenna gains. In the broadest sense,
it determines the predominant propagation mode: groundwave or skywave. Together with
the ion()s‘pht‘ri(' mukf‘up over a skywave path at a giv(‘n time, it determines whether
prolmg,atlon will occur by way of a single hop or multiple nops The propagation mode and
luunbu Ul }lups mllm Hee i}u (h iee uf {ransmission e llllll)ll] Tit, piirii(':li}a'irly antennas.

b. For short links over suitable terrain, assume groundwave propagation. The most suitable
terrain is the ocean. Sea water has th(’ higheste onduc tivity r)fdnv natural terrain substance
and oceans do not have terrain obstructions. The least suitable terrain, for HE groundwave
propagation at least, is mountainous or jungle. High-angle skywave is indicated for both. Use
vertically polarized antennas for groundwave propagation to minimize ground absorption of
signal energy.

3 For laon
.o O a0

links using c:
the latitude dnd I(mgmul(r to llw n(nm-st ll\l”ll[(? of [h(: two tc,rrmrml sttes.

5.2.1.2 Operating frequency range.

a. l h(‘ geogr aphl('dl l()( dll()n ()l [llf‘ ramo ps l”l 1san lmpnrl.ml ld( torn (}(‘i( rmmmg [ll(‘ re lllg_,(‘ ()IV

Py bl o 1 . atad woirh Ty taren il armnane tha
l)p(',luilllg, K Ut sngju dss0Cidicu witn Ul‘li_‘,'l( i prdanning, aetermine ume
ranoe of sunt s for the entire Hl-vear sunsnot l‘\.'('lf‘ hv cale ||| nntr the |nn ts
range ob sun or theeniire 1I-year sunspot cyele by caiciating tne im

corresponding to lhv sunspot maxima and minima. Charts l)ll[ill\h( d by USAISESA give
MUFs f()r sunspot numbers of 10and 110, a sufficient spread for most e NEINEEring purposes.
If a link is to operate full-period, as is usually the case, include consideration of diurnal and
seasonal effects on frequency propagation.
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b. Inthe design of links with a himited life span, determine the range of suitable frequencies in
accordance with the prevailing sunspot number for the period of interest, again taking into
account the times of day and the seasons.

5.2.1.3 Atmospheric noise. The geographical location of the radio path determines the level of
mtrvnmonharin maten that will ha anannmntarad doring o gruan tirma normnd (MNartaceinatiom ~F
dl ||U§}J||‘/l i1c 1UIST trrat wiiir cuunitiIcu uul |||6 1 ~EVUILID t1EIT JCLIUU. (oiernitiiatiuin vt

5.2.1.4 Man-made noise. The exact site location of link terminals is often critical from the point
of view of ambient man-made noise. Certain site locations may be ruled out by the inability to
mitigate overwhelming man-made noise levels.
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5.2.1.6 Antenna type selection. The exact site location and local radio horizon of link terminals
often influence antenna choices, since they define the land area available for antennas and the
effect of surrounding topography on take-off angles. (Refer to table 11 (4.6.1) for general antenna
characteristics. Antenna selection from the point of view of antenna gains is part of the pcrfor-
mance analysis, 5.4.)

5.2.2 Traffic requirements. Ultimately, communications traffic requirements must be stated in
terms of numbers and types of channels and traffic routing (for network configuration). Channel

e
requirements influence the choice of modulation method and link terminating equipment, e.g.
modems, multiplexers, signaling and terminating devices, and end instruments.

530

5.2.2.1 Number of channels. Since the HF spectrum is such a limited resource, the amount of

- 11 r
inm(lwmlh aliocated per fin k s also limited. Hence, traffic volume for a link can be converted
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systems is often the only means for estimating traffic volume. In existing sysl( ms sldl(( for
up"rddmg, traffic rec or(ls and measurements can provide the basis for channel e
5.2.2.2 Channel types. The nature of a military mission generally dictates the types of traffic that
will be involved and, ('onquu('n(iy, the channel types. Command and control functions rely

b A Dt e (s
|HPUII ince. Auaminisiranive [ine llUII IIIII)

prmmrnlv on voice communications in which voice umractcrisiics recognition is of significant
| eations i el
1 1

i e us
ield communications rely heavily on voice, with some teletypewriter a nd digital data require-
ments. Naval fleet communications involve voic e, teletypewriter, and computer data communica-
tions. Air-to-ground HF communications are generally limited, at present, to voice and low speed

digital authentication codes, but in the future may include teletypewriter and computer data.
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tions caused by m ulm)ath propagation. For l‘ddl() Imks to be (mnlnvui in warf(m' communica-
tions, modulation types are re qmr(‘d that resist enemy jamming and produce signals that are
difficult to detect and intercept. Table V summarizes the following modulation selections.
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a. Forsingle-channel voice, use SSB. It provides the best SNR pertformance of the modulation
types available to HF radio.
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c. For single-channel teletypewriter, use FSK. For a given power budget and neise environ-
ment it plovidc‘; %upcrior BER pcrformance to lhe a]lernalivc l('\V l"or (‘umpa[ibilil) with
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e. For digital data, including time-division multiplexed (TDM) signals, use DPSK. For maxi-
mum spectral efficiency, use DQPSK.
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particular network or system with which the link must interoperate.

TABLE V. Selection of modulation techniques.

Traffic Type Modulation Type
Manual or machine telegraph ICW
Single-channel voice SSB
Multichannel voice ISB
Single-channel teletypewriter FSK
Multichannel teletypewriter FSK (VFCT)
Computer data and TDM DPSK, DQPSK
Warfare communications Frequency-hopping spread spectrum

5.2.3 Interoperabilily Military missions may require interoperability with the HF radio systems
of other services and other nations. MIL-STD-188-141, Interoperability and Performance Stan-
dards for High Frequency Radio Equipment, addresses interoperability by reference to approp-
riate national and international standards and agreements. All new HF anti-jam equipment

procurements and all HF anti-jam system upgrade programs are required to meet the requirements
. .
of MIL-STD-188-148, Tri-Service Waveform Mode
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5.2.3.1 Taetical Digital Information Link (TADIL) A. Interoperability standards for systems
or links intended as part of TADIL A are given in MIL-STD-188-203-1, Subsystem Design and
Engineering Standards for Tactical Digital Information Link (TADIL) A.

5.2.3.2  North Atlantic Treaty Organization (NATO) Standardization Agreements
(STANAGS).

a. Single-channel systems. STANAG 4203, Technical Standards for Single Channel HF
Radio Equipment.

b. Naval gunfire support systems. STANAG 5009, Minimum Military Characteristics of
Radio Frequency Equipment for Naval Gunfire Support of Shore Forces.

c. Shore-to-ship broadcast systems. STANAG 5031, Minimum Standards for Naval HF,
MF, and LF Shore-to-Ship Broadcast Systems.

d. SSB voice systems. STANAG 5032, Basic Technical Characteristics for SSB Single Chan-
nel Voice Communications Between 1.5 and 30 MHz in the Mobile Services.

e. Maritime air communications systems. STANAG 5035, Introduction of an Improved
System for Maritime Air Communications on HF, LF, and UHF.

5.2.3.3 Quadripartite Standardization Agreements (QSTAGs). QSTAGs are intended to
provide for interoperation among American, British, Canadian, and Australian (ABCA) armed
forces. In particular, interoperation among HF combat net radio equipment is covered by QSTAG
263A, Standards to Achieve Interoperability of ABCA Armies High Frequency Combat Net Radio

Fquipments.

5.2.4 Performance. Military standards have been promulgated to establish uniform performance
standards for all types of communications systems. In addition, military communications systems
benefit from design in accordance with interface standards established by the Electronic Indus-
tries Association (EIA). For interoperability with the national and commercial systems of other
nations, the recommendations of the International Telecommunications Union (ITU) are often
invoked as design standards. To ensure state-of-the-art performance, the recommendations of the
National Telecommunications and Information Administration (NTIA) are observed where
possible. In particular, the following military standards are applicable to the design of military HF
radio systems:

a. MIL-STD-188-100 Common Long Haul and Tactical Communication System
Technical Standards

b. MIL-STD-188-110 Equipment Technical Design Standards for Common Long
Haul/Tactical Data Modems

c. MIL-STD-188-114 Electrical Characteristics of Digital Interface Circuits

d. MIL-STD-188-141 Interoperability and Performance Standards for High Fre-
quency Radio Equipment
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e. MIL-STD-188-200 System Design and Engineering Standards for Tactical

Communications

f MIL-STD-188-317 Subsystem Design and Enginecring Standards and Equip-
ment Technical Design Standards for High Frequency
Radio

g. MIL-STD-188-323 System Design and Engineering Standards for Long Haul

Digital Transmission System Performance

5.2.4.1 Voice channel performance.

D

T 100 29 o gon
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such as those traversing HF radio links. The

s,
ver, cite specific HF system performance criteria. Such criteria are

A 17T
a. VMiIL-O

b. For the present, military HF radio system design uses the following voice-channel perfor-
mance criteria:

I8 RN ° P, amdatingy e Aay Qs ; ; y
(1) Recommendation 339-5, Bandwidths, Signal-to-Noise Ratios and Fading Allowances in
Complete Systems, Recommendations and Reports of the CCIR, 1982.

(2) Technical Report No. 4, U.S. Army Radio Propagation Agency, Fort Monmouth, NJ,
1964.

These criteria, based on speech articulation tests, provide “good commercial quality”

Specifically, the criteria are based on a 29-dB SNR in a 3-kHz voice channel.

Since radio signals propagated by way of the ionosphere are subject to fading, the time
availability of the SNR is an important design parameter. The above criteria suggest a time
availability of 90 percent.

(@)

5.2.4.2 Teletypewriter and digital data channel performance.

a. The situation with rtg_,ard to teletypewriter and digital data channel performance criteria is
similar to that of voice channels. MIL-STD-188-111 addresses digital interface criteria but no

standard is available covering teletypewriter or digital data chanm:l performance.

b. For teletypewriter channels, a character error rate of 0.1 percent (one error in 1000
characters) constitutes good performance, according to the above criteria (5.2.4. lh) For
system design purposes, character error raie is most easily treated 5
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Pe =1 — (1 — BER)7] X 10° (5-1)
With synchronous, 5-unit teletypewriter code, the relationship s

Po=[1— (1 = BER)*| X 10° (5-2)
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Inionospheric radio systems, errors in adjacent bits generally do not occur independently so
that these relationships are somewhat pessimistic. For the start-stop code, a more realistic
relationship is

¥ I B PEEY ryrors 7 s a2 .
e = |1 — (1 —BER) | X K (5-3)
The three relationships are plotted in figure 62
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5.3 System design constraints. All military system design efforts, whether HF radio or other,
must take into consideration the practical constraints imposed by economics in general, and
military circumstances in particular. The major constraints circumscribing military HF radio
system design are:
a. Fundin
b. Specification of certain equipment types and models.

~ _ . - . P
C. vovernment procuremerit practices.

d. Personnel resources.

—-
3
3
W
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<

P

esis and performance cal culations. This eng1 eering stage consists of
F
I

an adequate design is _produccd. An HF Power Budget Worksheet is included as a_ppendlx A to
assist in the processes. Appendix B contains sample, filled-in worksheets for typical situations.
The procedure involves the following steps:

b. Make a tentative antenna selection and calculate the net transmission loss.

o {‘qlnnlqto tho trancmittoar nauor antnnt laval that will Affcat oLn troncmiceinn lace and
alad oot ==

provide the required signal power level at the receiver in
d. If the transmitter output level required is unreasonably high, reconsider the antenna
selection. If a better antenna selection is possible, repeat the calculation of transmission loss
and transmitter power output level with the new antenna selection. If no better antenna

P I I T [ S Feo cAThe faceg [P nnceihla 14
SCITL tlU LI> PUDDIUI Sy 1 ‘kUlISl(l(‘.l illb pdtll 5UU 1 ‘lly. 111 JUHIC CddUDS, It lld)’ llUt ve PUbbll)l(‘ i )
imnlement a direct noint-to-noint lin an intermediate relav mav be reauired
mpiemens a direct point-1o-point ini, an iniermediaie reiay may bde requirca.

5.4.1 Calculation of required received signal level. Symbols for the variables and constants
used in the ensuing equations are listed in table VI and shown in the appropriate equipment areas
in figure 63.

a. Therequired recerved signal level, Py is defined as the median peak envelope power (PEP) of
the received signal at the receiver input terminals. It can be calculated in dB using the
equation

P. = [(SNR + M, — Iy i) + Fn] + (10logklh + F.) — G, + Mo (5-4)

(Refer to table VI for the meanings of the symbols.)
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TABLE VI. Symbols for variables and constants in HF link performance calculations.

Symbol Meaning Unit
b Message channel 3-dB bandwidth Hz
B Ri bandwidth of frcqut:m:y-il()pping signui iiz
K, Atmospherie noise factor dB
F, Crest factor of composite multichannel signal dB
L na 1 - 1] 1 1] 3 r . Iy
t'm Multichannel load f{actor dB
Gop Process gain dB
5 Gain of receiving antenna dB
s AT £ a o Taalo 12
Ut Udln ol [rd“b"]llll“g dnterndg aD
I. Diversity combiner gain over selection combiner dB

b

Iq Diversity improvement in fading range dB
1L Doteo o0 e (120 N 1y 23 1/
K DOILZITIGIL 5 COHIStdI \l (01 @ B 1vu } J/7 Ix
I.a lonospheric absorption loss dB
[.b Basic free space (distance) loss dB

I Craonnd refloction laes dR
8 Ground reflection loss dB
1. Transmission line loss dB
I, System loss (net) dB
IA] Pronavation nath lnf.;,\‘, dR
1. Propagation path los: dB
My Design margin dB

M, Fading margin dB

N, Atmospheric noise level dBW
1) hY - Iy 1 . N N s 11)\Y/
S Noise power, referred to receiver mput dBW
P, Median received signal level dBW
P, Transmitter power output level dBW
1) I RS | ) S B i eaan s v r v - | SN
n lllgllill Jdtd Irarsinission rdwe lll)h
T Antenna and receiver noise temperature (290 K) K

The parameters in equation (5-4) are grouped to show their interrelationship.
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Likewise,
(10 log kTb + F,)

is the noise term. G, and Mg apply to both signal and noise.
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applied to skywa
the statistics of fading are taken into account in the error rate analysis.
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5.4.2.1 Voiee channels.

a. For voice-channel performancc calculations, the assumption of Rayleigh fading is most
often used. (Kaylelgh fading is the term applied whon thc amplitude distribution of the
roximates a Raylelgn statistical d

—
=
—

per(:enhles, refer to flgure 64.

b. If dual diversity with selection combining (4.5.7¢c) is used, figure 64 shows that the margin
required for 90-percent time avaiiabiiily Is approximately 3 dB. Thisis 5 dB better than with
Tt is referred to as the diversity 1mpr0vc~mont fa actor, 14. The diversity

w
Q.
G

no diversity. The

verment given hu figire tehaced An the oo
improvement given by f:g re 64 is based on the ass
simultaneously for the two signals, i.e., that thea

of the two signals, are uncorrelated. Asa practica
For space leCl"%llY, the most Lommonly used dlvvr51 ty in HP radio practice, an anluma
separation of approximately five wavelengths provides sufficient lack of correlation for the
values given in figure 64.

. . .
¢. Fqual-gain and maximal-ratio combining provuw additional improvement in fading margin
over selection combining. The combiner improvement, L., is approximately 1 dB for equal-
gain and 1.5 dB (round off to 2 dB for most applications) for maximal-ratio.
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FIGURE 64, Ravleigh fading and dual diversity improvement.
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5.4.2.2 Digital data channels. To determine the required SNR for digital data channels, use the
curves in figure 65. These curves give SNR as a function of BER for FSK with no diversity and
with dual diversity. Fading margin and diversity lmprmt‘m(‘m are taken into account in the

o i .
rrwarere NPRUIN PPN / PR I | | PPN PR N s v ssvriatiane £0 AN . 1. .. e eswe

curves. Thereft re, 1‘\1[, !d, and icare an WAKeN &8 Zero 1or use in equation (o-4) . dince the curves are
for FSK, a correction factor is required for DPSK; for the BERs of interest in most HF system

5.4.3 Determination of noise power level. In HF radio, man-made noise and atmospheric noise
are the controlling noise components. Man-made noise problems may not be resolvable and can
preclude the use of a particular site. Atmospheric noise can be predicted using noise charts
available through USAISESA. The charts give no" levels relative to the level of the thermal
ise of th

noise ot tne antenna, re

o
:)»
9
o
U

Thermal noise = kTb (5-5)

Therefore, atmospheric noise power level, N,, is given in dB by

N, = F, + 10 log kTb (5-6)
where F, is read, in dB, from the atmospheric noise charts. (It should be noted that the IONCAP
computer program includes atmospheric noise and may be used without reference to the noise
charts.)

5.4.4 Multichanne! load factor. In multichannel systems, the combination of instantaneous
channel signal powcrﬁ may overload frzmsmi!!cr circuits. To prcvcn! overload, the individual
channel lcvels t be adjusted to lower values than those of a single channel. The values are

e
determined statlstlcal]y and are dnfferent for voice and digital datd channels. The term applied to
the adjustment is multichannel load factor, Fn

- N -nn

5.4.4.1 Fn for voice channels. in ISB syst(’ms where muilipie voice channelis are muilipi«‘xod

8 ~ A - L e Sreo3 ) a D »
into one signal, ¥ represents the statistical ratio of the PEP of the composite signal to the PEP of a
single-channel signal. Table VII gives I for up to four voice channels.

/~\.

a. Multichannel load factor appln*s oniy t fr(-qm ney-division n]lllll[)|(‘X( ( M ) ligitui data
1 -
1 ire

P TSR B A J FRESIE R TR SRS e AT a8 ¥ RN T, v one tone and are treated as
ClIdnrneisd> pifme (‘l\lﬁl()ll l]llllll[ll"(’f( \IUIVI) cnanieis use 1)[] Yy tone ana iredareaq as
single-channel systems from the point of view of ¥,

b. In FDM systems, such as VFCT, the average power of the composite signal is N times as high
as the average power of a single channel signal, where N is the number of channels. PEP for
multichannel slgnalb 1s hlgher than average power by a statmncally denved factor known as
the crest factor, Fe. For five or fewer channels, the PEP can be taken as N? times the average

2 y 1o sl
power, and the crest factor as N°/N, or 10 log N in dB. For larger numbers of channels, the
composite signal resembles Gaussian noise and the crest factor takes on a Gaussian statistical

value. For a PEP of a Gaussian signal that is not exceeded more than 1 percent of the time,
the crest factor is 6.6 dB. It has been found experimentally that the Gaussian signal can be
peak-clipped at that level without harmful distortion or increased bit errors. With 6 dB of
peak-clipping, the crest factor can be taken as 7 dB for as many as 20 channels (where the
peak-clipping tests were run):

.=

<

-
-

»

og20 — 6 = 74d
o]
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In practice, Feis taken as 7 dB for N = 6. Table VI gives Fo, rounded off 1o whole dBs,
for commonly encountered numbers of FDM data channels. Figure 66 provides the same
information graphically.
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FIGURE 65. Bit error ratio as a function of SNR for noncoherent FSK.

TABLE VIL. Multichannel load factor for voice channels.

Fn
Number of Channels (dB)
1 0
2 2
3 2
4 3
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TABLE VIII. Multichannel load factor for digital data channels.

o

HANNEL ILOAD FACTOR, dB

~
4

MULTIC

1))
(=)

Number, N, of 10 log N F. Fm
Channels (dB) (dB) (dB)
2 3 3 6
3 5 5 10
4 6 6 12
5 7 7 14
5 8 7 15
10 10 7 17
12 1 7 18
15 12 7 19
16 12 7 19
20 13 7 20
\\
AN
\\
\\N <5 )
N
N
N
NTNL
\\\
»
ey
2 3 4 5 6 7 8 910 15
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determination of the 29-dB SNR through articulation tests. Consequently, a design margin, My, of
5 dB should be included in voice (hdnn(l performance calculations. For (]I“lldl data channels,
there are uncertainties concerning the probability distributions of both 51{jndl and noise levels
used for the curves of figure 64. An My of 4 dBis suggested to compensate for these uncertainties.
Conservative system design for both voice and digital data would include an additional 3-dB
margin to account for any failure of the system or equipment to operate in accordance with design

oexnect ffx' ong Tl’\nc decion m')r(nnc nf8dR a I 7 dR are rﬂr'nmmnntl e d far VOl r(~ ar .t‘l II!UI' al ll‘l"’\

PritdiiOns. 2 nus, UTSigh: iiaigins U O Ui anda abarerecommenaeq 10r cea DAt Al

channels, respectively. Although these are recommended values, the design engineer may use
discretion in assigning Ma to each case, depending on the purpose of the calculation and the
individual circumstances.

5.4.7 Computation of system loss. System loss, L.;, is defined as the net loss incurred in signal
transmission. [t consists of propagation path loss, L, antenna gains, Giand G,, and transmission
line ioss, L1, as illusirated in figure 63 and the following relationship:

L, =L, — G — G, + L, (5-13)

5.4.7.1 Propagation path loss.

a. For skywave paths, Lsis best computed by use of one of the computer programs available for
this purpose, such as IONCAP. L, comprises several loss components: basic free space
(distance) foss, ionosp'hf’ric absorption ground refiection {oss, poiarization-mismalch ioss,
dnu uutmusnub 1055 I Uldl izatiori- nu:,umu,h {Ubb is 561‘161‘3“}!’ nu,}ud(,d int tne plut uf anienna
gain as a function of take-off angle. Focusing or defocusing effects are taken into account in
the assumed fading statistics. Hence, the factors needed to determine L; are free space loss,

L.s; absorption loss, La; and ground reflection loss, L,. Ly then, is given by

Le + La + L (5-14)
1 I 3 R 1 1.1 ¥ 1 » R x S SRR P 1.0
D. ror grOunLIWdVC pdlns, LipiS nlgnly U(‘PC[IUC[I[ on gr( urna u)nuuuxvuy, WIIHICII vdarics wiacty
with location. Groundwave charts available through USAISESA give total groundwave
nronagation losses for naths in specific geogranhic locations.
r 'O r r le] o r

5.4.7.2 Antenna gains. For link synthesis and performance ¢ :alculation purposes, antenna gains

can be read from radiation [)F()fllf‘% such as that in figure 67, as a function of take-off angle. For
certain antennas, manufacturer’s data sheets provide the needed gain information. For antennas
close (less than 0.15 wavelengths) to fimitely conducting ground, the gain patterns may be
calculated by the Numerical Electromagnetics Code. Such patterns may be obtained from

TICAICL'QA
uJNISL3A.

5.1.7.23Transmission line loss. For most computationsinvolved in svstem r‘lpqmn Jitisadequate

5.4.7.3 Transmission line loss. For most com pu nsinvolved in system desi s
to assume a transmitting transmission line loss, L1, of 2 dB. If a more precise value is requnred,
calculate the loss on the basis of line length and rated attenuation per unit length. Receiving
antenna transmission line loss is not usually included in the design computations. Thisis because
atmospheric noise is usually the controlling noise. Therefore, the SNR 1s established at the
antenna. Since both signal and noise are atienuated ihe same amouni by the transmission tine, ihe
SNR at the receiver input terminals is the same as at the antenna output and the receiving Liis not
actor in SNR caleulation

a
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FIGURE 67. Antenna gain and take-off angles.

».4.8 Transmitter power output level calculation. The required transmitter power output
tevel, P, is calculated as the sum of the required received signal power level, P, and the system
I

oss |
P, =P + L, (5-15)
When Pris in dB relative to one watt (dBW), P is also given in dBW.

5.5 Site Gurveying Along with the prec eding, andlysis of the communications requirements and

sysl( m svnlhesls, sile surve vmg provxdes the delb for detailed (ngm('('rmg of the communica-

o PR o Sl I PR
tions facilities. It entails tentative site selection, pi lybu,u survey, ana documentation.

>.5.1 Tentative site selection. The site survey process begins with the selection of tentative sites
from maps. It involves at least the following Lonsldcrdtlons.

a. Location from the point of view of mission requirements.
b. Location with respect to clearances for projected antenna take-off angles.

¢, Proximity and magnitude of known man-made noise sor

Lo e e — - J R L DY



d. Construction required.
e. Practicability of site support.
f. Feasibility of land acquisition.

5.5.2 Physical survey. The physical survey is conducted on-site. ldeally

) the survey is performed
bya team composed of a commumcatxons engineer, a civil engineer, an electrical engineer,and, in
some cases, a mechanical/structural engineer. The purposes of the survey are to augment and
verify the information gained in the tentative site selection and to gather further information for
facility engineering. The survey employs conventional land surveying techniques, photography,
and radio noise measurements.

5

5.5.3 Documentation. Site survey documentation should include all the information needed for
final site selection and for the early phases of facility engineering. Additional surveys should be
anticipated for the development of specific information required in facility engineering. Appendix
C provides guidance for the preparation of a site survey report and, hence, for the conduct of the
survey itself.

and nahonal agencies has responsnblllty fo f equcncy allocatlon and managcment Further
information regarding the specific process of frequency management and the securing of specific
frequency assignments can be obtained from the frequency management coordinators or offices of
the cognizant military command. It should be noted that formal host government permission must
always be obtained through prescribed frequency management channels during the early design
stages of any new facility.

5.6.1 International agencies. The International Telecommunications Union (ITU) is the
parent organization for the two international frequency management and allocation agencies:

a. World Administrative Radio Conference (WARC).

| T PSS | 1 /II‘I l)\
D. 1NLerrduioradl ((]U( 1nce V l\( gl‘ﬁlrdllt)” l)() ra (irnp).

5.6.2 U.S. Government agencies. Frequency management within the U.S. is conducted at the
national level by the Federal Communications Commlssnon (FCC) and the National Telecommu-
nications and Information Administration (NTIA). The NTIA is advised by the Interdepartment
Radio Advisory Committee (IRAC). The FCC manages frequencies for the private sector and state
and local governments. The NTIA manages frequencies for the Federal Government sector.

. < .
lectronics Board (MCEB) coordi-
N . . .

f‘d('h mlln ary service main tains a

frequcn cy m gemenl slaff dnd a network of frequency u)ordmators Overseas, bilateral agree-
ments bctween the U.S. and host countries govern frequency coordination matters. Frequency
management within the U.S. forces overseas is under the control of the highest command, usually
a unified command such as Commander-in-Chief, Pacific (FiNCPA(’) The unified command

pr()vides freque Cy mana gem(’m gumdn(e to Ine ('omponem (‘Oﬂ]nldnﬂ%, SllCﬂ as l,Onlnldl](l(‘r n-

Chief, U.S. Army, Europe (CINCUSAREUR).

w



5.6.4 Requests for frequency assignments. The Joint Chiefs of Staff (JCS) publication ACP
190, U.S. Supplement-1 (B), Annex D, establishes the format for frequency requests by U.S.
mllllary services. Specific procedures for prcpdrmg and submlttmg requests are also contained in
the pubhcatlon The information requnrod in trequon( y asslg:,nm( nt requests includes emission
designations, location data, equipment data, and antenna data.

5.6.4.1 Emission designations. Modulation, or its absence, in large part determines the nature
of the emissions from radio transmitters. In 1979, the WARC adopted a method for designating
emissions which superseded an earlier method. It is now contained in the International Telecom-

munications Union (ITU) Radio Regulations, effective in 1982.

5.6.4.1.1 Bandwidth. The emission designator begins with an expres%ion denoting the computed
or measured emission bandwidth. The expression consists of three numerals and a letter. The

nnnnnnn lo sl sbho b .-l. MR 'S TR S I PR YU DRIy Ryt DIRSGUUIDIY INRRSSURF O B DRGSR S [
InuIncIald> 5] ve lllC panaw lulll WILIL LilC 1CtLLCl lCPldLllls tric ucdcliiindl PU L dru acliuo lllls tfie u ll Ol
bandwidth. Table IX gives the bandwidth-unit designaters. Using this table, a 3-kHz bandwidth,

such as that of a v0|ce channel transmitted by SSB modulation of a carrier, would have the
bandwidth expresssion, 3K00. A 12.58-kHz bandwidth resulting from 4-channe] ISB modulation
using a 6.29-kHz subcarrier would be expressed as 12K6, rounding off the last two digits to fit the
total of three numerals. For internal use, the designator may be expanded to five numerals and one
letter, e.g., 12K580.

X .
\BLE I andw u gn

Unit Frequency Range Designator
Hz 0.001 through 999 H: H
kHz 1.000 through 999 kHz K
MHz= 1.000 through 999 MH:z M
GCHz 1.000 through 999 : G

U sll 777 \Ji114 ¥

o

a. The first symbol denotes the type of modulation of the main carrier. For CW (ICW or
MCW), the designator is A. For SSB, the designator is J; for ISB, B. For FSK, the designator
is . For PSK, DPSK, and QPSK, all of which are phase modulation, the designator is G.
(The compieie set of emission designations can be found in the 1982 issue of the ITU Radio

2
l\bsuldllUllb ]

b. Thesecond symbol denotes the nature of the signal modulating the main carrier. A telegraph
channel is dcsngnatcd by the numeral 1 if no modulating tone is used (1CW) and 2ifa
modulatmg tone is used (MCW). A single voice channel is mloéorn(’d under the designation
system as ““a single channel containing analog information’ and is designated by the numeral
S. Fhe combination of voice channels and digital data channels normally conveyed by 15b1s
categorized asa “composiie system wiih one or more channels containing quantized or digiial
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infarmatinn taogethar with ano or mare channele cantaining analag infarmation’ Tr oo
11l1i1vLittAauiIusr l\}ﬁ\ tiiv.a yYvitit LI AV 1Hi1uUi o LIIQiInnis.1o lr\’lll(.‘ll“ll& (lll(‘l(,’a (R R RV A SR e AV A it 1>
de swn ited h\ the numeral Q. FSK and various forms of PSK are categorized as "a \mglf

(lmnnd containing quantized or digital information without the u
subcarrier”. The desxgndtor, as with tclegjmph, is the numeral 1.

7
e of a modulating

The third symbol denotes the type of information to be transmitted. Tc]cgraph y intended for
automatic rLchllon — thats, tcletyp(‘wnlcr communicalions — 1s demgnatt‘d by theletter

n.r. ) s R

D3 1df( Slllll( U)’ l“ € l(fll('r \4, Ud.ld lrd““»"“bbloll lle‘"l( [ry d”u l(‘l(‘(,'()n)nldn(], Dy [ne lL[[(‘r U,
and teleshony. by the letter . The | r W denostes a eombination of information types
ailiu lL/l\.,t_IllUll 4 [ S S LN L 9 w1 Li. l l UCITIULUD a wuvlliuviiiativil vl iniiuvliitauiusg I.J O

Thus, the expression denoting the characteristics of an SSB voice channel is J3E, and the
complete emission dcsxgnallon assuming a 3-kHz voice channel, is 3KO0J3E. Likewise, the
complete emission designation for an ISB system of three voice channels and one data
channel, using 6425-Hz subcarriers, is 12K9B9W. Table X gives the designators for the

emission characteristics most commonly used in military HF radio.

o omiccin oaciognatinn mathad Aoc twan a tinnal e Anles Anatn ranracant cartain
1110 U1Hi12531VuU11 l/Dlsll(lllUll innviuiiv fiHlIviuuvo Ly au Ltiviiair o I3 e vIdD. UilL LU 1T Couliit vCitaiilr
details of the emltted signals and lh:. other, Lhe type of multiplexing, if any, employed. These

used 1in the fourth posmon wou]d bc

(1) B, for 2-condition code with elements of the same number and duration without
error-correction.

_—
3]
~—
J
=1
2
]

(3) D, for 4-condition code in which each condition represents a signal element (of one or
more bits).

4) E, for multicondition code in which each condition represents a signal element (of one
or more bits).

—~

F. for multicondition code in which

represents a character.

—_
92}
~—

The symbols most commonly used in the fifth position would be:

(3) T, for time-division multiplexing (TDM).

(4) W, for combination of FDM and TDM.

5.6.4.2 Location data. The locations of the transmitter and receiver sites by cily, state, and
ntry are required. When the ope ra[mg unit that controlis the station(s) is located at some pld( e
L. N PN : N
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TABLE X. Expressions denoting emission characteristics in common military HF radio usage.

Modulation Type of Service Designator
AM Single-channel telephony A3E
AME Single-channel telephony R3E

SSBSC Single-channel telephony J3E

SSBSC Single-channel facsimile 13C

ISB Two or more data channels B7D

ISB 4-channel telephony and data BOW

FSK Single teletypewriter channel FIB

FSK Single digital data channel FID

FSK Two or more digital data channels F7D

MCW Aural telegraphy A2A

NBFM Single-channel telephony F3E

PSK* Single teletypewriter channel GIB

PSK Single digital data channel GID

PSK Two or more digital data channels G7D

Fr-vqu‘m;(y-‘h)npping Quantized single-channel telephony F1E
spread spectrum

* The same expression applies to DPSK and QPSK.

** Frequency-hopping spread spectrum is a form of frequency modulation.

5.0.14.3 Equipment data. The nomenclature and quantities of the transmitters and receivers are
required. When the equipment is part of a nomenclatured system, that nomenclature must be
provided.

5.0.4.4 Antenna data. Transmitting and receiving antenna types must be specified. For manufac-
tured antennas, the military nomenclature or manufacturer’s identification is required. The
orientation and polarization of fixed antennas are required and rotatable antennas must be
identified as such.
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5.7 Facility design. The de%ign of new HF radio facilities involves the civil and electrical
englneenngdxsmplmes and, in some instances, mechanical/structural engineering. Where exist-
ing facilities are to be used, design rests largely on existing and avallable structures, site
configuration, and electrical power. In both cases, facility design involves site planning, construc-
tion planmng and coordmatlon (especmlly of antenna towers) the pr0v1510n of electrical power,

At an
olection usu

5.7.1 Site planning. Site planning for new installations involves the provision of:

a. Access roads and parking areas. e. Antenna support foundations.
b. Water supply. f. Security fencing.

c. Sewerage. g. Area lighting.

d. Cable trenches. h. Site grading for drainage.

For existing installations, the site survey will have determined the adequacy of the site with regard
to these items and the need for any upgrading.

5.7.2 Construction planning and coordination.

5. 7 1 Planning. For new construction involving buildings, the following basic data must be
d d.
u u.

.Gpe
a. Floor space requirements.

b. Floor loading.

c. Access requirements for equipment entry.

d. Environmental control requirements.

e. Equipment-generated heat dissipation requirements.

Provisions must be included for maintenance areas, administrative offices, storage, and, in some
cases, personnel housing. Interior lighting adequate for the various operating and maintenance
activities must be provided.

5.7.2.2 Coordination. Federal, state, and local governments, both in the U.S. and host countries
of overseas commands, regulate the construction of facilities and structures through laws and

codes. Civil pqg:nppnng staffs apnprn"v have the assigned roennnclhllnv for securing the neces-

............. C € ass D ToSpiisit 100 2CCAA L4 Lo § Lin 0250 )

sary construction permits and assuring construction in conformance wnh the laws and codes.

5.7.2.2.1 Construction in the U.S. In the U.S., military construction on Federal property,
although usually exempt from local codes, requires the approval of the Garrison/Installation
Commander and the Facility Engineer/Corps of Engineers. In the interest of air safety, however,
tower construction and erection must conform to the height restrictions and marking require-
ments of Federal Aviation Administration (FAA) Regulation (FAR), Part 77. This requires that a
notice be filed with the FAA before construction or alteration of any tower over 61 m, or of a



greater height than an imaginary surface extended outward and upward by a factor given by the
following slopes:

a. 100to I for a horizontal distance of 6096 m from the nearest point of the nearest runway of
more than 975 m in length.

h S0t ) far o harizantal dictanco oof AR m fram tho nonract nnint nf tha noaroct rixnway ~AF
L LV AV NS 11Ul AU iLuvliltal uiouwariuy UJE U TU2 111 11 UILE LU L1Ivaruvon [I\lllll VL t1ic ItuaiLuvoL 1ullrvyvwva vl
975 m or less in length.

c. 25to | for a horizontal distance of 1524 m from the nearest point of the nearest landing or
take-off area of a heliport.

The FAA may require lighting and marking of towers in accordance with FAA Advisory Circular
AC 70/7460-1 as a condition for consiruciion. Painied hazard markings on mosi towers are
usually seven equal-width alternate bands of white and aviation surface orange, starting and

r,nrhng wnh 1hn 'Y n|Q!' Qrange.

5.7.2.2.2 Construction overseas. Host nations generally require compliance with national
standards when the construction is intended to remain in place after withdrawal of U.S. forces,
e.g., Deutsche Industrie Normenauschuss (DIN) in the Federal Republic of Germany. Coordina-
tion procedures vary by nation and approvals may take years.

c7 2L, [UR gy R TP Py Py n. Mad f vl anei; ~F 1 [ Y P
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telecommunications facilities is provided by MIL-HDBK-411, FM 11-486-7/T.0. 312-10-22, and
the National Electrical Code. The basic information for the engineering process must be developed
in terms of military power system classifications and telecommunications facility load categories.

5.7.3.1 Power system classifications. Table X1 gives the military classifications for primary,
auxiliary, and uninterruptible electrical power.

1
e drsa )

es on of
the connectec dnd d( nand loads T ho connected load is lhe l()tdl load Ihat would be lmposcd by all
communications-electronics (rqulpnu‘,m, hghlmg, motors, and environmental control eqmpment
if they were operated simultaneously. Demand load is defined as the maximum coincident power
required to serve a connected load. It differs from the connected load because all connected
equipment 1s seldom operated simultaneously.

74 D e Doty L el cncbann e o b alais e Mmiandian £onilies,
)J.i st wUrrovu Illlllg yal TR 'Dlsll- 111T SlUll lllllls Dybl I 10U a4 1CICUUIHTIINIuUiicdiLivID tat lllly
nrovides for p{*rgo..ne! safety, equipment protection, and electrical noise reduction. Ths provision
of personnel safety involves low-impedance grounding and bonding between equipment, metallic

objects, piping, and other conductive obJects. Equnpment protection involves low-unpedance
grounding and bonding between electrical devices, equipment, and other conductive objects.
Electrical noise reduction involves minimization of impedance to earth ground throughout the
facility by bonding to an earth electrode network. it aiso invoives minimization of noise pickup
ihrough shielding. Grounding system design also includes the provision of a lightning proieciion
subsystem and an equipment fault-protection subsystem. Guidance for detailed engineering of

,L,r(mndmr_r. bonding, and shielding is provided by MIL-HDBK-119.
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F. XL Classes of electrical power.

Power Class

Operational Power Requirement

Characteristies

Primary power,
class A

Includes all utility, technical, and
eritical technical operational lToads
resulting in a steady-state opera-

[P | rieiaimciEviiisy
tionar requirement.

Steady
to various voltage and fre-

ate power, .\ul)j(:('l

quency U(\hlll()])% transi-

e A N
1S, dhg oveasiondar coin-

[$8 3]
plete power falure.
Auxiliary power, Same as class A, capable of indef- Supplement to primary
class B inite operation; should have 15 power. .fu_ ject 1o complete
days fucl supply available. Auto loss of synchronized power

system Op(,l‘d[l()ndl at —109% or

+10% voltage variation after 5-
see delay. Covers extended out-
ages that may fast for duys.

for appr()xmmu,ly 20 see
during automatic power
transfer after primury
p()W(‘I’ i()SS.

Auxihiary power,
class €

Provides auto-start [)()W(r pldnl to
pr()vm(* mpm restoration of power

ar on

frequency vuriulinn of £3.3% with
an adjustable time delay of approxi-
mately 5 see. Minimum fuel supply
of 7 davs. Covers outages of rela-

tively short periods (hours).

Suppi('mvnl to primurv
power. Assumes joad in

.~l.,\.-|‘“-n '

SHonesy p t :
after fnlg_r(- N prinnry
power (10 10 60 see)

Uninl('rruplib](-
power system

Provides continuous uninterruptible
power and prevents the occurrence

Automatically assumes foad
w'm-n required and auio-

)T()VIU(‘%

such studies.

e

STD-461 pr(nuh s standards governing the EMI characteristies of equipment. ML-STD-162

Annapolis, MDY, provides assistance to the

r
l romeasurement ol
EMCstady, The three miln

IH‘\ITIH IIUH\

In ;ululllmn.

“n-rlnn or
TNy O

[B]]

-
-

LA NN it SO0

iio

vsing deor: ul
ISy H

i Illllllllr\ l(il

ary oeorviees hoy
A SUPVIees ond

N
the Do) llulmmn'm i Compatibiliny ‘\n |\\|\ Center (ECAC)
LS. nulumr\ components,

(1IDCY o P N B Sk RS | TV Ty U DR T SO
t"l .7} I o- 0l (BRSNS N S R A Y Su Wil Lies ||‘1|‘)\ llll\ SHhres tuan PIdt N
hreak power, critical teehnical Toad. when primary power hee
class D) comes avatlable. No power
mterruption, and mimnmom
voltage and frequency devi-
ations.
».8 Electromagnetic compalii)iiily Electromagnetic mmpatii)iiitv (EMC) is defined as the

M PR e - I
()”lml”ll(d l()llb-(fl(?(:ll'()”l('.sl,'(l [ me IIIS sl P\\ ite "I\_.HN]( I((Ir()"l((l]dlll( dlll( \vl(l S0
. wi -

|||nn by unwanted
dUen Dy unwanead

Ligral

iation or response. Ht :ctromagnelic interference (EMIU) results when elee-
tromagnelic energy causes an unaceceplable or undvslml)lv response, malfunciion, degradation, or
interruption of lhv intended operation of an electronic cquipment subsystem or system. V-

WA “ - I
nr \\\l( ms di new or NS

SN eneies whieh con




TELECOMMUNICATIONS

FACILITY LOAD

LIGHTING VENTILATION, AIRCON
DITIONING EQUIPMENT REQUIRED FOR

FULL CONTINUITY OF COMMUNICATIONS
QPERATIONS

NONTECHNICAL LOAD

LIGHTING, VENTILATION, AIRCON — LEGEND:
DITIONING EQUIPMENT NOT REQUIRED UPS - UNINTERRUPTIBLE POWER SUPPLY
FOR FULL CONTINUITY OF

COMMUNICATIONS OPERATIONS

NONCRITICAL TECHNICAL
ELECTRONIC LOAD

ALL COMMUNICATIONS EQUIPMENT

NOT APPROVED FOR SUPPLY FROM A
UPS SYSTEM

NONCRITICAL TECHNICAL

CRITICAL TECHNICAL
UTILITY LOAD ELECTRONIC LOAD
CONTINUOUS SYNCHRONOUS OPERATION
ALL NONCOMMUNICATIONS EQUIPMENT

AND AUTOMATIC SWITCHING, TACTICAL
AND DCS EQUIPMENT APPROVED FOR
SUPPLY FROM A UPS SYSTEM

FIGURE 68. Categories of telecommunications facility loads



5.0FE qmpmvnl testing. The [)rmml y purpose of initial ¢ qmpmt nt l(‘\llll" is the assurance that
the ulmpnu nt ope rates within the re ([Ulhll(? pdmm(,t(,r:s This t(slmg’ dl%o establishes nitial
vafues, thus allowing eritical comparisons with later tests as the equipment and systems age. A

.

further purpose is to ensure that any equipment after maintenance, repair, or :1djusimnni,
¢
1

BT P T T T TVINS an deauses no deeradatic ol tha ag givan ara ganarie

lllllllllllhlllll}” Iy 4na Causes no aegraaauon ol s given are generic
. ~ A

rather !hi!n ()r!!’!!!“.! to spect ifice (}ll!{nni*nl S“"V‘ ‘I!Cﬁ!”,n notes .!!;()

or indi Vldlldl equipment providing

s f

l'onluin general test procedures, with technical mzmu:ll
details on specific measurements,

5.9.1 Receiver tests. These tests should normally be performed with the receiver in its usual
operating position.

o
J

NS

a. For SSB or CW, the signal generator is unmodulated.
b. For AM, the signal generator is modulated 30 percent at 1000 Hz.

¢. With the signal generator output set ata level which slightly exceeds the receiver-under-test
threshold, tune the receiver for a maximum reading on the ac volimeter.

d. Sett

oS
< oS

o generatar tar zero ontnn 1 £ recerIver a nitt control for a

d. Set the signal generator for zero output. Adjust the receiver a utput control for a

0-dBm reading on the ac voltmeter. Note: Any convenient level can be used that does not
result in overload or limiting.

e. Increase the signal generator output until the ac voltmeter indicates a 10-dB increase. The
output level of the signal generator is then the signal level, in microvolts, required to achieve
a 10-dB signal-plus-noise-to-noise, (S + N)/N, sensitivity.

. Compare the measured sensitivity with the manufacturer’s specifications or with previcus
measurements. Typical values are 0.35 uV for SSB and 1.5 4V for AM
AC
VOLTMETER
AUDIO HIGH
- P
OUTPUT IMPEDANCE
SIGNAL ANTENNA RECEIVER
GENERATOR INPUT UNDER TEST
AGC
SRR ———
OuTPUT bC
VOLTMETER
HIGH
IMPEDANCE

FIGURE 69, Receiver sensitivity and AGC action test sctup.




5.9.1.2 AGC action. Conneet the equipment as shown in figure 69.

a. Starting from zero outpul, increase the signal generator oultput until the de voltmeter
reading Just begins to change from the threshold reading. Note: A digital de voltmeter may

A T I I .
Ve TdIse TCAUINES GUe 10 HoisC.

b. Record the signal generator output level. This is the AGC threshold value. Compare this with

the manufacturer’s specifications or previous measurements.,

¢. For the AGC linearity test, modulate the signal generator at 30 percent at 1000 Hz for an
AM receiver. For SSB or CW | the signal generator is unmodulated.

d. Increase the signal generator output level to the upper limit of the receiver specification

g the ac voltmeter for output level. The linearity figure is the increase in

receive output level for the full input range. Typical specifications are: 3-dB increase for

FuVio I V,6dB for 100dB (=110 to —10 dBm), 6 dB for 5 1V 10 0.05 V.

while watehin

. (:mnp;:rc |hl‘ measurcment Wilh ”I() munuﬁutlur(',r’s S[)(?(fi[-i('ll[i()lls or prt:vi()us measure-

ments.
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5.9.1.3 Selectivity, A st scone is ree
not used, and the signal generator sweep speed is too fast, a distorted picture of the IF passhand
results. I the sweep speed is too slow, the picture is difficult to view due to the relatively short

retentivity of the oscilloscope sereen. Connect the equipment as shown in figure 70.

*DETECTED —
———————— =1 VERTICAL
SWEEP DC OUTPUT
SIGNAL  |——1 IF AMPLIFIER OSCILLOSCOPE
GENERATOR N
B HURIZUONI AL

HORIZONTAL SWEEP VOLTAGE

FIGURE 70. Receiver selectivity test setup.
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LEVEL IN dB

a. Disable the AGC.

b. Keep the signal generator output low enough to prevent overload and a resultant distorted
8 I

output.
a achamas cbhaian T £ 7
Compare the IF passband picture with the shapes shown in figure 71.

. Calculate the shape factor. This is the ratio of the bandwidth measured at two points on the

slope, usually at the 60-dB and the 6-dB points. The ideal passband has a shape factor of 1.0
(figure 71A). A typical passband has a shape factor of about 2.0 (figure 71B). Typical figures
are: for SSB, 2.5 kHz at 6 dB and 4.5 kHz at 60 dB; for AM, 6.5 kHz at 6 dB and 14.0 kHz at

£N 1N
LUV dD.

(o< NN Ne)
|

20

1

<
Q
I
—

50 | /
eor // N\
70L ' i LI -l/l i ] i T Xﬁ
FREQUENCY IN kHz FREQUENCY IN kHz
A. IDEAL IF PASSBAND B. REALIZARLE IF PASSBAND

FIGURE 71. Receiver ideal and realizable 1F passbands.
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5.

9.1.1 Frequency stability. The simplest method of testing frequency stability does not require

test (*qu;pmcnl.

-
Q.

a. Tunethereceiver toone of the WWV frequencies (2.5,5, 10, 15, and 20 Miiz) and place itin
a4 zero bea[ condition. Use the B[‘ O and the ©'S” meter. Monitor for the number of hours or

b. If operational conditions are such that the above is impractical, remove the receiver to the
maintenance area. Connect a signal generator to the receiver and adjust to a zero beat
condition. The signal generator must have a stability at least five times better than the
receiver under test.

5.2 Transmiiier iesis. To prevent equipment damage, the iransmiiter power ampiifier or rf

exciter must be connected to an antenna or a dummy load for all of the following tests.

f);,ure 72 F

AN

Tune the transmitter for full rated output into the dummy load.

o] 3.

Observe the output waveform for distortion. Compare the waveform obtained on the output

o

nnnnnnn Am tha Tt Py Al sl
1

N 1Y Y N PN PR <
UDl,lIIUDLUPL Wll.ll lllC WAaveiorim Ofi uic lllPul UﬁLIllUDLUlJL [\UJUD( L

necessary to achieve the proper output waveform (figure 73).

c. Observe the spectrum analyzer display for the proper output waveform as shown in figure
74A. Third order IMD should be at least 30 dB below the 2-tone output level.

d. (:()mpare the spectrum analyzer display with the manufacturer’s specifications or previous

a. Tune the transmitter for full rated output into the dummy load. For initial testing, adjust the
exciter drive as necessary to achieve the proper output waveform (5.9.2.1b and figure 73).
For periodic or return from maintenance testing, adjust the exciter drive for the same output
wavetorm as the mmitial or acceptance test.

L innit nawor (1 Y tha do nlate enrrant and tha nlata
0. iipuy pOWer (1 A\ 1y, i@ GC piad@ Curidhiy, anag i piad
c¢. Determine and record the output power into the dummy load.
d. Determine and record the rf amplifier gain from:

\;ﬂi (1}8} s }0 }Og })0//?. {5'}6)

where P, is the output power and Pi is the input power.

e. Compare the results with the manufacturer’s specifications or previous tests.

b
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A. PROPER ADJUSTMENT

| il /( \
|

S~—————

/\L Y\ 2N /

B. OVERDRIVEN WITH RESULTANT FLAT TOPPING

FIGURE 73. Transmitter waveforms.

5.9.2.3 Carrier and unwanted sideband suppression. Connect the equipment as shown in

figure 75.

a. Tune and load the transmitter to full rated output into the dummy load. Adjust the signal
generator to full carrier output using a single tone.

| 9]

al Fae o N ]
a1l 101 A UV ub

0N - R I s P | R . A DR LA (Y GRS SO G S SR
D. m'l(!rrmg 10 ngure (0, set tne spectrum analyzer dispiay ot ine te v one signa

waveform peak.
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FIGURE 71 Transmitter



SiGNAL SSB RF DUMMY
L e SN
GENERATOR EXCITER AMPLIFIER % LOAD
SPECTRUM
ANALYZER
FIGURE 75. Transmitter carrier and unwanted sideband suppression test setup.

C.

C.

Remove the signal generator input. Adjust the balanced modulator for a minimum carrier, f.,
display. Measure the value of fc below 0 dB. This value is the amount of carrier suppression.
Typical carrier suppression is 60 dB.

Compare the reading obtained with the manufacturer’s specifications or previous measure-

Reinject the single tone from the signal generator. Recheck the transmitter for full rated
output. Reset, if necessary, the spectrum analyzer display for O dB on the waveform peak.

f. Fxamine the display for the indication of the suppressed sideband. The suppressed sideband
will typically be 60 to 70 dB below the wanted sideband (figure 76).

P VNS N b wrstby by st b antiirar e cridraatiane e oot o [P M

E%. LUl ll,(‘l“ CHIT TODSUIED Wit e inraltuidactuiroy ‘h‘P[llll‘ AtIULl> U1 }'lLVllLl‘ l((l‘lllla;.

5094 Freanenev stahilitv. Connect the eauninment as shown in ficure 77

).2.4 Frequency stability. Connect the equipment as shown in figure 77.

a. After afull warmup period and complete stabilization, tune the receiver to one of the WWV
frequencies (2.5, 5, 10, 15, and 20 MHz).

b. Tune the exciter to the same frequency.

.
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LEVEL IN dB

MIL-HDBK-413

-20

-30

fc+ TONE
(WANTED SIDEBAND)

-50

-60 |-

fc- TONE
(UNWANTED
SIDEBAND)

-70 |

FIGURE 76. Transmitter carrier and sideband suppression display.

. Carefully adjust the exciter frequency to an exact zero beat with the W WV signal. Although

several techniques can be used here, the preferred method is to offset tune the receiver thus
producing a comfortable audio tone with WW V. Both the ©'S” meter and the tone will then
signal the zero beat of the exciter with WWYV.

. Maintain the testing condition for several hours as required to either demonstrate stability

or to show drift.
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MIL-HDBK-413
ANTENNA; /‘
SPLITTER- /
RF COMBINER
| -t — — — |-
EXCITER —={ ATTENUATOR l
|
|
RECEIVER
FIGURE 77. Transmitter frequency stability test setup

5.9.3 Antenna and transmission line tests. At the time an antenna or transmission line is
constructed or installed, extensive measurements must be made over its frequency range. The
results of periodic tests compared to the original test figures will do much to indicate the condition
of the antenna or transmission line.

o PR o . . 1 N -
.1 Volia ‘onnect the equipment as shown in figure

a. The signal generator (or low power rf exciter) can be used in this test in several ways,
depending on the employment of the antenna under test. If the antenna is designed for and
employed at one frequency only, the signal source is tuned only to that frequency. If the
antenna is designed for and employed at several specific frequencies, the signal source is to
be tuned to each of these frequencies in turn. If the antenna is designed to operate over a

frequency band select a numb( 'r of frcqut neies evenly spd(‘cd across the frequency band for

test dala.

b. Calibrate the VSWR meter by adjusting the signal source output and the VSWR sensitivity
control. Switch the VSWR meter to the reading position and record the VSWR.

c. Compare the results obtained with the original and subsequent tests. Higher VSWR mea-
surements may indicate an antenna problem, lower measurements may indicate an increase
in transmission line loss




ANTENNA
LOW POWER \ /

RF SIGNAL \ /
GENERATOR \ /

OR RF EXCITER \/

VSWR i
_________ N | = *XBALUN

TRANSMISSION

VITAI S

*MAY OR MAY NOT BE USED IN THE NORMAL ANTENNA CIRCUIT

FIGURE 78. Transmission line, balun, and antenna VSWR test setup.

5.9.3.2 Transmission line loss. Two procedures are given here. The first uses close tracking (<
2%) identical rf wattmeters. The second procedure uses a single rf wattmeter of at least 10%
accuracy.

SIGNAL RF TRANSMISSION RF DUMMY
SOURCE WATTMETER LINE WATTMETER LOAD
POSITION A POSITION B

a. Connect the equipment as shown in figure 79. The signal source should be the normal ¢f
exciter. If the single wattmeter procedure is being used, connect the transmission line to the

dummy load.

bh. Communications between the two ends of the test are required. Fither field telephones or
low power portable radios can be used.

121
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Adjust the output level of the signal <ource for a wattmeter power of 0 dBm or other
convenient low power r(:zuiing at position A,

Using the two wattmeter procedure, read the power at position B. Determine the transmis-
sion line loss from:

Power output (B) coim
Loss (dB) = 10 log (5-17)
Power input (A)

Using the one wattmeter procedure, turn off the signal source, disconnect the wattmeter
from position A, and connect the signal source directly to the transmission line. Transport
the wattmeter to the other end of the transmission line (position B) and install it between the
line and the dummy load as shown in figure 79.

Turn the signal source back on and read the power at position B. Determine the transmission

line loss as in d above.

Compare this loss (step d or step f) with the loss recorded from the initial installation test and
with the subsequent periodic tests.

Testing open wire transmission line requires two identical baluns installed at each end of the
transmission line under test. These two baluns must be bench tested for identical operation
prior to their use.

5.9.3.3 Antenna impedance measurements. These measurements can be made with a noise
bridge, figure 80A, or with an impedance bridge, figure 80B. ldeally, measurements should be
made at the antenna terminals. In practice, the test instrument can be physically located at any
point along a transmission line connected to the antenna. In this case, the exact electrical length
of the transmission line between the antenna and the instrument must be known. A Smith Chart is
then used in conjunction with the measured impedance to obtain that of the antenna.

h.

d.

Connect the equipment as shown in figure 80A or B according to the historical record for
that antenna. Either method may be selected for imtial testing based on equipment
avaitability.

Tune the receiver to the frequency under test.

For the noise bridge test, adjust the noise bridge to null out the receiver noise. Read the
resistance and reactance directly.

For the impedance bridge test, tune the signal generator (or rf exciter) to the test frequency.
Tune the impedance bridge to null the signal generator as monitored on the receiver. Some
bridges have a null indicator meter.

Compare the readings obtained with the initial installation test and subsequent readings.

n Crhamnas 1 4N R, D0



f. The antenna can be adjusted (lengthened or shortened) based on this test. An approximation
of the amount that the antenna needs to be adjusted can be obtained by finding the frequency
at which the antenna resonates with zero reactance. The percentage difference between this

frequency and the test frequency represents the amount of adjustment needed.

NOISE BRIDGE |-

ANTENNA

ER
USED AS NULL \ /
\I|/

NnEeETEATAD
veciliceuviun \/

B. IMPEDANCE BRIDGE

FIGURE 80. Antenna impedance measurement test setup.



5.9.

3.4 Transmission line discontinuity test. Connect the equipment as shown in figure 81.

If a transmission line of an impedance of other than 50 ohms is to be tested, an impedance

a.
matching device must be used (figure 81B).
b. Magnitudes of mismatch and the distance to the mismatch or discontinuity can be read from
the time domain relectometer (TDR) scone presentation
LHICT LI UUiaill 1 Civuvtuiniuvia \ 1171v) O \ll’ll }ll woLiiitauivilil
ANTENNA
\I|/
\/
TIME DOAAI AMAAVIAL TRDAMCAMICCINN 1 INE f2n0O)
FIWIl. WV VUUAATAL T NANONIOOIUIN LING (WU
REFLECTOMETER [ —
(TDR)
A. COAXIAL TRANSMISSION LINE
ANTENNA
\f
TIME DOMAIN OPEN WIRE
REFLECTOMETER ——»=7 BALUN
(TDR) TRANSMISSION LINE
B. OPEN WIRE TRANSMISSION LINE

FIGURE 81. Transmission line discontinuity test setup.
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APPENDIX A. HF POWER BUDGET WORKSHEET
Link or net identification
Site A Site B
Latitude Latitude
Longitude Longitude
Traffic type (voice, teletypewriter, digital data)
Number of channels Message channel bandwidth kHz
Modulation
Diversity Combiner
If teletypewriter:
Maximum character error rate, Pc (5.242b) %
Code (7-unit start-stop, 5-unit synchronous)
Corresponding BER (Fig. 62)
If digital data:
Maximum BER (5.2.4.2c) S
If teletypewriter or digital data: ) R\Bf;l\llrf’d SNR (5.2.4.1b)
SNR required for BER (Fig.65) ____ dB
Required time availability for specified performance — %
CALCULATION OF REQUIRED RECEIVED POWER LEVEL
SNR (fromabove)y ____~~ dB Iq (5.4.2.1b) dB
M (5.4.2.1) . dB I (5.4.2.1¢) dB
Fn (5.4.4) 4B G, (5.4.5) dB
My (5.4.6) . dB
F. (5.4.3) - dB
TOTALA _____ dB TOTAL B dB
P, = 10log kT + 10logb + A — B
= —204 + 10logh + A — B
= —204 + + — = dBW
CALCULATION OF REQUIRED TRANSMITTER POWER OUTPUT LEVEL
L, (5.4.7.1) 4B G, (5.4.7.2) dB
L (5.4.7.3) - dB G, (5.4.7.2) dB
P, (from above) - dB
TOTALC _— dB TOTALD 4B
Pp=C—D= - = dBW
Antilog (P /10) = W = kW
A-1
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APPENDIX B. SAMPLE FILLED-IN HF POWER BUDGET WORKSHEETS

10. Example 1
Link or net identification éAST '&/657- /(/A/K l

Site A EAST Site B WEST

Lo 28° 4’ V4 o 210 477! af
Latitude 7V Latitude JI o&© /Y
) o ded ] A’/ ) . 7+00 A.? .
Longitude 77 OS & Longitude _//0 J0Q
Traffic !ypeteletypewritcr, digital data)
Number of channels ___ # Message channel bandwidth —3_* kH;
Ne 7SR
Moduiation -
Diversity __DUAL SPACE Combiner SECECTION

If teletypewriter:
Maximum character errorrate, P¢ (5.242b) ___ 9
Code (7-unit start-stop, 5-unit synchronous)

Corresponding BER (Fig. 62)

If digital data:
Maximum BER (5.2.4.2¢)

If vaina-
If teletypewriter or digital data: Required SNR (5.2.4.1b) _g_q_
SNR required for BER (Fig. 65) . dB

Reanirad time ava
nequired time avai

CALCULATION OF REQUIRED RECEIVED POWER LEVEL

SNR (from above) o229 4B Iy (5.4.2.1b) 7

o ity for cnaoifiod «
ashity 105 spechiea per

M, (5421 12 (54210 O
2 -~

Fr (5.4.4) Q2 __dB G, (5.4.5) O (B
My (5.4.6) & B
F, (543 S0 IR

TOTAL A *_i dB I1OYAlLB 7 dB
P, = 10logkT + 10logb + - B

=~2m+101%1 A —BRB - Py

= —9204 + __ I8 + _[OR - / =_T= /%Y JIBW
CALCULATION OF REQUIRED TRANSMITTER POWER QUTPUT LEVEL

4B G. (5.472) X0

L, (5.4.7.1) /SR
L (5.4.7.3) & B G, (5.4.7.2) Y- & @ BRI

P, (from above) - 7 dB

TOTAL € _L dB TOTAL D JO___ dB

Py S 24 &

¥0O _ iw
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20. Example 2 HF POWER BUI I WORKSHEET
i~ — o sadae ”)
Link or net identification EAST - 4/EST LA/ &

Site A €AST Site B wésr

Latitude J8° ‘Kﬂi N Latitude 3/°:6i/1/
Longitude 77° 0S4l Longitude //0‘\”’ o

o e e PRI B0 L S YT
1raiic I\}H \Vl}ll[‘l( |tlzt,(fwlllcl’(llélld| Udtd)

77 2
Number of channels ___/(2___ Message channel bandwidth ___ < kHz
Modulation K VFCT,
Diversity _DUAL, SPRCE Combiner SECELTION

if teletypewriter:
Maximum character error rate, Pc (5.2.4.2b) __@_I_‘ Yo
( nth 7 nnn start.cton S ||n|l c\lnnhrnnouu)

Corresponding BER (Fig. 62) I_S_ZO_

If digital daia:

Maximum BER (5.2.4.2¢) .
If voice:
if teletypewriter or digital data: Required SNR (5.2.4.1b)

Lo ﬂ,a mn

CNIE) - rr nr-mn /e
SNR required for BER (Fig. 65) &~  dB
Required time availability for specified performance —_ %

CALCULATION OF REQUIRED RECEIVED POWER LEVEL

,,,,,,, 17 . v e oae s — in
DINR Urmn dl)()V() AZal "4 dp g (0.4.2.1D) [ o | 1
M (5.4.2.1) - 4B I (5.4.2.1¢) = 4B
Fro (5.4.4) 1?7 Gp (5.4.5) O 4B
Ma (5.4.6) 7 B
V)

Fo (5.4.3) ST B

rorana 99 s TotALB O 4B
P = i0logkT + 10logb + A — B

= —204 + 10lggh + A — B

- o+ _ 35 + 99 - O - -70 4w

CALCULATION OF REQUIRED TRANSMITTER POWER OUTPUT LEVEL
L, (5.4.7.1) _/SZA B G, (54.7.2) 22 4
L) (5.4.7.3) A B G (5.4.7.2) 22 4B
P
\od
/

P’ (from above)

2
4 dB

[ o 2] ol 21
TOTALC O F 4B TOTALD X% 4B
p=c-n=_84 _ 44 _ 4D pw

’n » -

[0 w

E
=

Antilog (P, /10)
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30. Example 3

Link or net identification
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HF POWER BUDGET WORKSHEET
EAST - WEST LK 3

Site A ERAST Site B WEST
Latitude 380 ‘9{0 A/ Latitude J/° A6 ’/1/
[nnmh;l 770 0\5’,@ Ion g" ide //Qo.'ﬁ/_&v}

J . . . TN
raffic type (voice, teletypewriter (digital data
YP typewriter (digital data)
Number of channels _{ (/A00 )
DPsSkK

Message channel bandwidth 3  KHe

Modulation
Diversity __ DUSL SP9EE Combtiner SELECTION
If teletypewriter:

Maximum character error rate, Pc (5.2.4.2b) %

Code (7-unit start-stop, 5-unit synchronous)

Corresponding BER (Fig. 62)
If digital data: -5

Maximum BER (5.2.4.2¢) _ /0~ _ .

If voice:

If teletypewriter or@néital dala) Required SNR (5.2.4.1b)

SNR required for BER (Fig. 65) __\L
Required time availability for specified performance o
CALCULATION OF REQUIRED RECEIVED POWER LEVEI

-3 A\
SNR (from abo: e) 4G dB ls (5.4.2.1b) — __dB
M (5.4.2.1) - dB I (5.4.2.1c) — 4B
Fr (5.4.4) 0 dB G,y (5.4.5) O &
Ma (5.4.6) / dB
F. (5.4.3) S dB
TOTAL A 87 TOTAL B O

P, = 10logkT + 10logh + A — B
— 204 + 10logb + A — B
— 204 + +

87

~72 _ aw

Il

CALCULATION OF REQUIRED TRANSMITTER POWER OUTPUT LEVEL

Ly (5.4.7.1) /-7 ST G (5.472) /7
Li (5.4.7.3) L G, (5.4.7.2) /7 B
P, (from above) -92 _

TOTAL €. 72 ToraLp 3% up
p=C-nD=_T7& - _3¥ - 3% mw

6310 w-__ 4.3

Antilog (P, /10)

kW
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APPENDIX C. SITE SURVEY REPORT

-

.

10.1 Scope. This appendix provides guidance to the site survey team to aid in the gathering of
required information.

10.2 Identification material. The site survey report shouid include the following identification
data in addition to the information contained in the repori iiseii.

o
Y

ite Identification Number or Serial Number.

20.1 Site survey report format. The site survey format shown in annex A is suggested for use
by the site survey team. As with any preset format, it may require modification to meet the
requirements of a specific project. The suggested format in annex A is paragraphed to reflect the
paragraph numbering and organization of the site survey report.
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ANNEX A. SITE SURVEY REPORT FORMAT

SECTION I — INTRODUCTION

6.

. WHAT WAS SURVEYED:

When survey was conducted.

Authority under which conducted.

THE PURPOSE OF THE SURVEY AND OBJECTIVES:

TEAM COMPOSITION THAT MADE SURVEY:

ASSISTANCE FROM LOCAL AND/OR COMMAND REPRESENTATIVE ACKNOWL-
EDGED:

LIMITATIONS, IF ANY:

SHORT SYNOPSIS OF SITE FINDINGS:

Provide a brief summary of the results of the survey. Include the overall rating of each site
such as Excellent, Good, Poor, or Unsatisfactory with primary reason for such rating.

SECTION Il — SITE REPORT

7.

COORDINATES:
Latitude

Longitude



10.

11.

p—

._
N

o

MIL-HDBK-413

DESCRIPTION OF TOPOGRAPHY AT SITE:

o

necommena use of Iopograpny ana terrain worksneet Ilgur C-2.

PHYSICAL SECURITY CONSIDERATIONS OF THE SITE:

Describe soil conditions, particularly those that may affect the buildings or other site
features. Include any rehable local soil load bearing data available or indicate if soil samples
have been taken. Take soil resistivity measurements. If soils samples have been taken
indicate where analysis is being performed and when the analysis is to be completed.

3. SITE PREPARATION REQUIRED:

Cover in detail, with estimate of cost, all site preparation needed.

SITE OWNERKQHID.
S1a AL VW INSaWO T

The name of the site owner and authorized representative with mailing addresses and
telephone numbers should be recorded here or in figure C-1.
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PHS:

GRA

INDEX OF SITE PHOTO

5.

ave been mac

—_—

O

rrelate the footage reac

of the site, co

e

1ws h
el

eorecordir

vid

scenes.

o

O

J

ality, and controlling organization.

e, au
*

ING:

ROUT

3

17. CABLE

ute an

Determinero

n

and plan facilities to meel requirements.

v

T

SECTION 11 — TRANSMISSION PATH REPORT

19. MODE OF

I'IVITY:

w
-

GROUND CONDU(

20.

DISTANCE TO RADIO HORIZON:

)

T4 <
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23. TAKE-OFF ANCLES TO RADIO RIZON AT HS
I\Zim‘jtll TQI{O_I\“‘\ An(’l“
ake-off Angle
0— (zero degrees is equal to the great circle bearing to the distant
station; R = right, L. = left)
R 5° L 5° -
R 10° L 10°
R 15° L 15°

Thereafter, every 5° around the horizon.

Note and map all metal structures within three wavelengths of the proposed antenna.

JOCATION OF CRITICAL POINTS:

Locations Kilometers (Miles) from Site — Horizon

o

[\)
wn
-
9
=
p
S
C
p
-
.

Site:
Radio Horizon:

Critical Points:

o

ete.

-
o
wl

............................... ' . T nveo ¥ [
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26. DESCRIPTION OF TERRAIN:

Critical Points:

o

3]
-3
=
)
w
e

:
"3
=
o

28. CLEARANCE REQUIRED AT CRITICAL POINTS:

FaNETESE T 5 JREI iy
uritical roints uiearance

Y]

]

y
v

SECTION IV — LOGISTIC SUPPORT DATA

29. TRANSPORTATION:

Indicate equipment and individual transportation, military and commercial, available to the
military and contractor personnel.

a. Military transportation information should include:

(2) Method of dispatch (trip ticket, 24-hour dispatch, driver).

(3) Operator-licensing requirements for contractor personnel.

C-6
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(1) Availability and rates for various types of vehicles.
(2) Regulations governing use of personal automobile.

(3) Driver license requirements.

PERSONNEL SUPPORT:

Recommend use of personnel support worksheet, figure C-3.

SITE ACCESSIBILITY:

Recommend use of site access requirements worksheet, figure C-4.

a. Record information on the availability of local subcontractors and their rates for services
listed below. Indicate source and estimate reliability of this information. Facilities
Engineer offices usually have such information for services listed below:

I3

(1) Concrete Workers.

(3) Pipefitters.

(4) Carpenters.

(7) Electricians.
(8) Painters.

I7e 300 BN
{Y) Lanorers.



34.

w
A

o>
-~
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L Raociinct maormac feorm boa )l ntlienc conite oF mteantnee wha hova bhaae sion ,l L€ oL

D. llCLluLbl HAINTS HTUMT 10CAL THITHdL Y ULITES U6 LORILTAULULS WD T1daVE DCCI UStu DCIUILE, Wilill
comment on lhc agualitv of their work
mment e quality Of 1neir work.

LOCAL MILITARY PERSONNEL:

Record name, rank, position, and organization of key military personnel in the area.

COMMUNICATIONS FACILITIES:

Recommend use of communications facilities worksheet, figure C-5.

WAREHOUSE AND STORAGE FACILITIES:

ALk (U203 UIPa S A LU Fa AN

Record information of the following nature concerning warehouse facilities, both Govern-
ment and commercial.

a. Ownership.

=

c. Availability and amount of open and inside storage area available.
d. Shipping address.

e. Security.

{‘ Avai!n ity af matoarial handling aagninment (fark Lifte nallate dalliee and cranec)
donity U1 iMdiliidr ridfiGiilig CHuipiniCiil (tUIMR 11, pPancis, UUHICS, dilu Lranils).

g. Procedures for use.

PROJECT ADMINISTRATION FACILITIES

Record the avatlability of Govern nishe space. if any. for the station prolect

¢ > lability of Governm shed office space, if any, for the station project

engineer. A minimum of 3m (10 ft) by 6 m (20 ft) 1s deswablc Ascertain if office space will be
i :d d

of digspl fuel. water sunonlv. sanitation fac I'Ih“k l_nll sec Ilrllv r(‘(llllr( -

..... MK avanap }’ I areset tael, water supnly, S, d

C-8
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SECTION V — COMMERCIAL POWER SURVEY

38. ELECTRICAL POWER:

Recommend use of electrical power worksheet, figure C-6.

SECTION VI — AREA ENVIRONMENTAL CONDITIONS

Obtain data for previous ten years, if available, and note source.

39. TEMPERATURE:
a. Mean maximum, by month:
b. Mean minimum, by month:
c. Annual mean:
d. Absolute maximum:

e. Absolute minimum:

40. AVERAGE RELATIVE HUMIDITY:

Summer %
Winter _ %
Annuvalmean %

41. PRECIPITATION:
a. Annual average rainfall: ¢. Annual average snowfall:

b. Duration of rainy season: d. Duration of snow season:

12, PREVAILING WIND DIRECTION:



-
[¥%)
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SPECIAL EN

Effect of fungus and humidity on equipment, buildings, antenna towers, and power equip-

ment. Humidity and salt content of the environment which may require special corrosion
control measures.

C-10
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REAL ESTATE DESCRIPTION

Legal description of property:

available.

Present ownership of land:

o) Telephone
ressies) Number(s)

2
1)
3
]
-
[ 2
~-r
[=]
-
(=]
tl
=
®
H
-
w
.~
»
Qi
a-

A e Yy PR | - oy Y A el ac)
ARCHIS) nanuling pr upcl 134 AUUrcesSscy)

Type of acquisition/lease:

Cost of acquisition/lease:

Acquisition of property for access roads:

Name(s) of owner(s) Address(es)

Procedure for acquiring property:

Easement requirements

Government:

l.andlord:

Source of real estate information:

FIGURE C-1. Real estate description worksheet.
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TOPOGRAPHY AND TERRAIN

SITE ELEVATION (above mean sea level)

High: m (ft) Low: m (ft)

GENERAL DESCRIPTION

Vegetation: Heavy = Light ____ None
Trees: Heavily wooded ____ Lightly wooded _—____ None
Slopes: Steep —— Gentle —______ Rolling Flat
Surface characteristics: Rock —_~ Gravel —____ Sand
Clay __ Silt —_ Other
Remarks:

SOURCE OF WORKSHEET INFORMATION

Existing documentation:  Yes No

If yes, identify documentation:

Direct observation: Yes No

FIGURE C-2. Topography and terrain worksheet.
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PERSONNEIL SUPPORT

Housing available (officer, enlisted, civilian, contractor)
On-base housing, bachelor and family

™ 1 1
Lype ana quality:

J

Method of assignment:

Waiting time:

Availability of furnishings:

Distance from site:

Hotels: Plentiful —_~ Scarce — None
Quality:  Excellent —_—___ Adequate ________ Poor
Lodging, average price per day:  dollars

Food, average price per day: dollars

Private homes: Plentiful ___ Scarce —_—_ None
Accommodations:  Excellent Adequate Poor
Average price per month: dollars furnished/unfurnished

Utilities
Type available and approximate cost

Heating (oil, gas, electric):

Water

Electricity:
Electricity: Voltage — Frequency _______ Reliability
Telephone service, availability and cost

C-13




PERSONNEL SUPPORT — Continued

LY MUY G Y Y o - S RO | P D PO
vlessing 1aciiuties (otneer, eniisteda, crvulan, contractor)

Onsite:

Offsite:

List military clubs available indicating policies governing privileges for officers, NCOs,

Local restaurants: Yes No

Prices comparedto U.S.:  ____ percent higher ____ percent lower
same

Local merchants:  Plentiful ______ =~ Scarce _____ None

Prices comparedto US.: _____ percenthigher ____ percent lower
same

Import supplies:  Yes No

From where?

Medical and dental facilities

ilitary (distance):

Name and address:

pd

Dispensary facilities or doctors:  Yes

Dictance-
wiswanco.

yorlt wt,\_rl(

port worksheet (sheet 2 of 4

).



1.V, 8 DO NS

1Vlllllilry ‘X(_le'd[lsti
Distance:
Size

Type of stock:

.Qmmiqcary

Distance:

On-base

Off-base:
Existing:  Grade school High school College
Private tutors: Yes No
Distance
Standards:  Excellent Adequate Inadequate
Sponsor:  Government Private Municipal

Name of sponsor

Availability of school transportation facilities:

Recreation (TV, radio, sports, hobbies, movies, etc.)

Off-base:
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Pl

LU 1

NDT ~
1 — uwontiiucu

Churches

On-base:

Off-base:

Clothing supplies
< X

Local merchants:  Plentiful ______ Scarce _________ None

Prices compared to U.S.:  _____ percent higher _____ percent lower
same

Import:  Yes No

From where?

Banking

na n

¥ 1 1 T I
l1.0cal banks: rienuitur Sdcarce 0000 |

o

£

one

Distance to nearest large bank:

Name and address:

SOURCE OF WORKSHEET INFORMATION

Existing documentation:  Yes No

If ves, identify documentation:

Direct observation:  Yes _ No

FIGURE C-3. Personnel support worksheet (sheet 4 of 4).
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HIGHWAYS

Distance from site access road and highway intersection to support base or town:

Classification: State _—__ County —_ Municipal

Other (specify)

s ol r r ral " A )] 1. ral 1

T'ype of surface: Concrete —__ Asphait ____ Gravel
Qtnnp Dirt Other (ecneeifv)
Stone Dirt Other (specify)

Minimum width: ___ m (ft)

Paved shoulders: Yes No

A . 1 i) 1 1 Verd | " 1 or

Maximum grades: Pavedroads — % Dirtroads — %

Mgn!ha Qf vear usahle:
vion year usaniel

Bridge, tunnel, culvert limits

Totalload: kg (tons),or —_ kg (tons)/axle
Overhead clearance: _—__ m (ft)

Total width:

Number of lanes:

Improvements required:

FIGURE C-4. Site access requirements worksheet (sheet 1 of 3).
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EXISTING ACCESS ROAD (FROM SITE TO HIGHWAYS)

Lengih of access road:

Classification:  State _ ~ County __ Municip:

Other (specify)

Type of surface: Concrete —__ Asphalt ____ Gravel
e n:- ... rayYs A e RN
Sione — Dirt — Other (specify)

Minimum width: _____ m (ft)

Paved shoulders: Yes No

Maximum grades: Pavedroads —— %  Dirtroads %

| N [P T o ) B
v¥ionins ol ycar usdbile:

Totalload: kg (tons),or kg (tons)/axle
Overhead clearance: _——_____ m (ft)

Tooanl oo bl s (02)

POULdE wiulll. [V —— { § ) \ll’

Number of lanes:

lmpr()vmncnls rcquir(‘d:

FIGURE C-1. Site access requirements worksheet (sheet 2 of 3).
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SIiTE ACCESS REQUIREMENTS -— Continued

NEW ACCESS ROAD

Length required: km (mi)

B [ S P v izata oot ~F £
YCTIL LD ICl{ullcu \‘I‘Jllll)(ll y DILCT, alil dP},l UALIHHALT alnuulit vl 1

Bridges required (number and approximate span of each):

Location of required new work and necessary field data are shown on drawing or sketch
S
nuiy

[Ye1+1

Existing tramways:  Yes

Capacity: m’ (i), ____ kg (tons-Ib)

Car dimensions:

SOURCE OF WORKSHEET INFORMATION

Existing documentation:  Yes No

1 . : [P S T ST
11 1

No

Direct observation: Yes

FIGURE C-4. Site access requirements worksheet (sheet 3 of 3).
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COMMUNICATIONS

m oy .
a. leiepnone service

Type of service: Military _~ Commerical
Distance to nearest telephone service connection: ___ km (mi)
Type of line construction: Open wire _____ Aerial cable

1 9} . b } 11
Buried cabie
Number of pairs available:
Wire gauge of pairs:
Estimated cost of line extension:
re N 1in
Open wire-dollars
Aerial cable-dollars

Buried cable-dollars

If on an existing base:

Number of line drops unassigned:

Number of trunks to each connecting base:

FIGURE C-5. Communications faciiities worksheet (sheet 1 of 3).

C-20



MIL-HDBK-413

COMMUNICATIONS FACILITIES — Continued

b. Radio service

Type of radio service (military or commercial) now available from the site to:

Nearest military base:

Area command headquarters:

Access to Defense Communications System:

Type of radio system for this service:

Remarks and source of information:

c. Communications services available to construction contractor

Will the contractor be permitted to use Government-owned or -operated communications
facilities for communication from the base during the construction and installation phase?

Yes _ No

If such use is permitted, what is the approximate charge?

Will mobile and manpack equipment be available during the installation?

FICGURE C-5. Communications facilities worksheet (sheet 2 of 3).

C-21
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COMMUNICATIONS FACILITIES — Continued

d. Secure communications
Will secure communications facilities for off-base circuits be required:
During construction and installation:  Yes No
After installation: Yes No

e. Postal Service (APO, FPO)

rmao nf nanract militarv inctallatinn:
Name of nearest military installation:
Distance:

Policy governing mail use:

FIGURE C-5. Communications facilities worksheet (sheet 3 of 3).
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ELECTRIC POWER
Commercial or base suoolv: name. address. and teleshone number of sunnlvinz company or
aviliinvivial v pvaoo DUPPIJ, 11ailicv, auul voo, aiiu lblellUllb L1IUIIIUCLI UL Du}lt.ll]llls \,Ullll)all] vi
base engineer:
Primary (to nearest availabie point of connection):

Voltaze _ Freguen o Phace

v Ullaso i lcl{ucu\,y £ Had>¢w

Wires

Power outages: No. per year

Duration

Distance to nearest point of connection (line transformer or substation where takeoff of

usable power can be effected):

PN e LYY L
arsS —ee———— pei vV Il

Does this include high-volume discount?

Are power cables underground or overhead?

Yes

Secondary (to nearest avaiiabie point of connection; obtain distribution and switching diagram if

possible and atiach io this form):

Voliage Frequency Phase
Wires
kW available for new facility:
Cosi: dollars — per kWh
Alternate primary power
Is an alternate power supply available? Yes No
Where is it located?
FIGURE C-6. Elecirical power worksheet {(sheet 1 of 2)
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ELECTRIC POWER — Continued

Is feeder continuously energized? Yes
Voltage . Frequency —__ Phase

Wires

Is switching manual or automatic?

Is there a standby charge?

Stability of power source(s)
Primary

a. Frequency of power outage

b. Average length of power outage

c. Range of voltage fluctuation

d. Range of frequency fluctuation

Alternate

a. Frequency of power outage

b. Average length of power outage

c. Range of voltage fluctuation

d. Range of frequency fluctuation

FIGURE C-6. Electrical power worksheet (sheet 2 of 2).
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The rules of modulo 2 arithmetic are as follows:

0+0=0
1+06=1
0+1=1
1+1=20

=)
X

o
H

o

~
/

0X1=0
1 X0=0
1X1=1

The sign @ is sometimes used to denote modulo 2 addition.

¥
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