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PREFACE

The Performance Analys is Summary Is a reporting format used
• by this Agency to give a brief engineering synopsis of the

• analytical output from the USACEEIA HF Prediction Computer
Programs. This summary is organ i zed so that the requesting
agency can readily verify the Input data and assumptions
used In makin g the propagation analysis. This material is
followed by a summary of the performance criteria , which is
a numerica l interpretation of the user 1 s requirements.

• These sections, i.e., para 2 and 3, should be carefully
reviewed to insure that this study is applicable to the

• I situation in question . A verba l synopsis of the computer
pred i ct i ons is given and is followed by the conclus i ons
and recommendations to be drawn from the computer analyses.
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1. TASKING DATA .

1.1 Tasking Agency. Commander, 5th Special Forces Group (Abn),
1st Special Forces , ATTN: AFJK-SF5-CE, Ft Bragg, NC 28307 .

1.2 Request. Letter, AFJK-CE , 29 Oct 76, subject: Request for
Performance Analysis Summary of HF Radio Communications for
Exercise JACK FROST 77.

1.3 Authority. US Army Regulation 10-13.

1.4 Purpose. To provide propagation engineering analysis of
conditions expected to prevail during Exercise JACK FROST 77 and
to recommend antenna designs and methods of operation that will
take full advantage of the ionospheric mode of propagation.

2. CIRCUIT DATA.

2.1 Radio Net Organization. High frequency (HF) radio operations
are to be organized in a star-burst net configuration from the
central net control at Ft Richardson , AK . As shown in Fig. 1,
three primary communication links connect Ft Richardson to Bethel ,
Ft Greely and Kodiak Naval Station. Additionally, these three
stations maintain two way comunications with deployed fiel d
units . The concept of this organization is that the central
location at Ft Richardson can direct field operations and receive
field reports through the use of scheduled broadcasts and inter-
cept times. For such operations the weakest link is the inter-
cept of the transmissions from the field unit. The field unit
has a low powered transmitter, manportable antenna and requirement
to be on the air for as brief a time as possible. Therefore, it
is crucial that the propagation analysis accurately assess the
situation and precisely establish the “windows ” during the radio
day when successful intercept can be accomplished . The analysis
contained in this report treats each of the three major sub-nets
individually. In each of the following chapters, the primary
link between Ft Richardson and the sub—net is discussed first ,
followed by a discussion of the communications to the deployed
field units for that sub—net.

2.2 Locations. The locations of the radio units for this exercise
are listed in Tabl e I.

$ 2.3 Range and Azimuth. Range in miles and kilometers , true North
azimuths and Magnetic azimuths are given in Table II for the three

4 primary circuits based on great circle route calculations. 

_1 ‘ : •
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2.4 Terrain Shielding. (Assumed to be negligible.)

2.5 Antenna Foreground. Arctic soil with a dielectric constant
of 1.0 and a conductiv ity of .0001 mhos/m is assumed . This type
of soil is extremely poor. Groundwave ‘ormiunications are , thus ,
extremely limited ; thereby making the ~ ywave mode the most
practical means for HF radio communications.

)
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3. PERFORMANCE CRITERIA.

3.1 Required Signal-to-Noise Ratio. The required signal-to-noise
(S /N) ratio equates to the quality of service that may be excepted
for a specified type of radio_ service . Therefore , the required
S/N ratio is an extremely important variable in making radio system

• performance analyses. Generally, the required S/N ratio is
defined as the signal power available at the receiver divided by
the noise power in some reference bandwidth. In HF radio , it is
common to express this ratio in dB, (i.e., 10 log S/ N), for a
reference noise power bandwidth of 1 Hz. Strictly speaking, t h i s
makes the S/N ratios used in this report S/N density ratios. To
convert from a S/N density ratio to the S/N ratio that would be
detected at the IF stage of the receiver , one would use the
following formula:

S/N at receiver = S/N density ratio (dB) — 10 log (IF
(dB) bandwidth in Hz)

The required S/N density ratio used in making a USACEEIA Frequency
Reliability Tabl e is always shown in the heading material as the
“REQD S/N” . The values of required S/N density ratios used in
this report for the user ’ s specified types and grades of service
are shown in Tabl e III. The values shown may be useful to the
reader in interpreting the circuit reliability data given in the
various Frequency Reliability Tables el sewhere in this report.

TABLE III. Required Signal-to-Noise Density Ratios for
Various Types and Grades of

HF Skywave Radio Service

TYPE OF SERVICE GRADE OF SERVICE RE QD S/ N

1.1F1 - Radioteletype not more than one error per 57 dB
60 WPM , 1500 Hz 100 characters
bandwidth

3A3J - voice , 3 KHz orderwire quality (operator 50 dB
to operator , 90% sentence
intelligibility

c 300 WPM , Burst CW low grade 44 dB

1A1 manual CW 90% correct copy at 10 WPM 34 dBj 5-

5
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3.2 RF Noise Levels.

3.2.1 General. Alaska and the Artic , in general , should be very
quiet areas with regard to radio frequency (RF) noise in the HF
band. However, radio operators tend to complain of high levels

• of white noise or masking noise. Scientific measurements show
that the Artic has very low level s of atmospheric noise. The low
population density of the Artic indicates that man-made level s of
RF noise should also be low. A possible expl anation for the
observed “high levels ” is that the human ear is a signal-to-noise
receptor. Due to the fact that signals are greatly attenuated by
the high latitude ionosphere and the poor ground conductivity ,
the AGC of the receiver operates at maximum amplification. Thus ,
the background noise or set noise (in a poorly maintained receiver)
will seem to be masking the signal .

• 3.2.2 Atmospheric Noise. The controlling noise in the Artic
should be the atmospheric noise primarily caused by electrical
storms in the lower latitudes. In the USACEEIA HF Skywave
Prediction Program the atmospheric noise l evels are computed on
an hourly and seasonal basis as derived from measurements.

3.2.3 Man-Made Noise. Man-made noise can be a serious probl em
when operating a radio receiver in the close vicinity of an RF
noise source. High voltage power lines and electrical equipment
will be primary sources since grounding electrical systems in
Artic soil does not constitute a good electrical ground. Radio
sites within line-of-sight of high voltage power lines , arc
wel ders , hospitals , generators, busy highways, etc., should be
avoided . Man-made noise levels used in this study are for “quiet
rural” at all locations except for Ft Richardson , which is assumed
to be 14 dB noisier at 3 MHz , (i.e., -150 dBw rather than -164 dBw
for “quiet rural ” .) The assumed level at Ft Richardson is com-
mensurate with a “rural” region which implies careful siting to
achieve this l evel of man-made noise.

3.3 Interfering Si~nals. Although interfering signals can be a - •

severe problem, no information as to signal density or intensity
is availabl e except for the ECAC data bank which is used in the
frequency assignment process. In the Artic interference of this
nature should be more prevalent during the summer months when the
maritime traffic is the heaviest. In this report, interfering
signals are only mentioned but are not considered in the analysis.

3.4 Transmitter Power. Since transmitter power has a direct

ç 
bearing on the received S/N ratio, it is an important design
consideration . The availabl e transmitter powers for the radios
to be used dur ing Exerc ise JACK FROST 77 are li sted in Table IV .

6
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3.5 Hours of the Da.~ All times specified within this report are
given -in Universal Time (UT) which is equivalent to Zulu Time.

3.6 Duration of Analysis. January 1977.
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4. ANALYSIS SUMMARY .

4.1 General Discussion. The analysis summary is presented with a
general d iscussion of coniiion communication factors to Exercise
JACK FROST 77 first, followed by detailed discussion of each of
the three proposed nets.

4.1.1 Ionospheric Support.

• 4.1.1.1 Most Probable Ionospheric Mode. One reflection from the
• F-layer (iF) is the most probable ionospheric mode for the• relatively short paths to be used during this exercise. Radiation

should be directed upward at angles between 45 to 89 degrees, with
respect to the horizon depending on the length of the path.

4.1.1.2 Sunspot Number. The solar activity during January 1977
-is predicted to be at sunspot number (SSN) equal to 13.6. Solar
activity is coming out of an all time low in the 11 year solar
cycle. A low level of solar activity combined with winter condi-
tions in the Artic will seriously detract from the ionospheric
support afforded to HF communications.

4.1.1.3 Ionospheric Conditions. The extended forecast for m id—
January 1977 calls for several active periods of the geomagnetic
field from 4 to 9 Jan 77. Otherwise the geomagnetic field is
expected to be generally quiet to unsettled . The resulting long
term forecast for HF propagation conditions are for fair daytime

• conditions and fair/poor nighttime conditions. Poor propagation
conditions will be due to enhanced geomagnetic activity , cau s ing
absorption , fading and noise.

4.1.1.4 Ionospheric Disturbances. No major disturbances are pre-
dicted during Exercise JACK FROST 77, but unexpected events are
always a distinct possibility . Ionospheric disturbances , if they

• occur, will have a deleterious effect on HF comunication with the
great likel ihood in the Artic regions of radio blackout occuring
for periods of time ranging from a few minutes to 5 or 6 hours.
A number of commonly occuning disturbances and their effects on HF
communication are described in this paragraph. Forecasts of these
events and a day-by-day recap of actual events as recorded are
availabl e weekly upon request for the USACEEIA Ionospheric Activity
Report. A telephonic consulting service is provided by the USAF
Global Weather Central at Offutt AFB , NE (forecaster is on-duty 24
hours/day and may be reached at AUTOVON 271-5871).

4.1.1.4.1 Geomagnetic Storm. A geomagnetic storm results from
low energy protons and electrons eminating from a solar flare and
intercepting the earth’s magnetosphere. This leads to the distor-
tion of the magnetic field lines and is termed a geomagnetic Storm
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if the distortion is great enough. The storm results in the
heating of the F-l ayer which results in an erratic depletion of
the ionization level . This , in turn , is called an ionospheric
storm. In the Artic regions during the winter , an ionospheric
storm results in the l owering of the Maximum Usable Frequency
(MUF) and D-layer enhancement which leads to increased absorption
and a raising of the lowest usable frequency (LUF). Under ex-
treme conditions , radio bl ackout may occur on a particular circuit.

4.1.1.4.2 Spread-F. Spread-F is a phenomenon which may occur
during an ionospheric storm and is particularly disruptive to
communications in the Artic where it is sometimes known as “auroral
flutter~. Spread-F occurs because of the breaking up or dispersion

• of the F2 reflecting region. This brings about rapid fading which
is disastrous to HF communications including voice.

4.1.1.4.3 Sporadic-E. Sporadic-E in the Artic night is another
phenomenon associated with geomagnetic storm activity . This event
can be useful to the communicator in that higher than normal fre-
quencies may propagate for a few minutes to a few hours. A patchy
E-layer can cause problems since multipath conditions between F-
layer and E-layer reflections can be disastrous for radio teletype
or data transmission. At lower latitudes sporadic-E layer is a
daytime event but tends to occur at night in the Artic regions.

4.1.1.4.4 Auroral Absorption Event. Often times the Aurora
Borealis (Northern lights) and geomagnetic storms occur simultaneously.
A large increase in D-layer absorption of HF radio waves generally
occurs in and near the Auroral zone sometimes causing Auroral Blackout.
Generally, these events affect radio .~ircu its In the post-dawn hours.

4.1.1.4.5 Short Wave Fade. A short wave fade (SWF) is a form of
sudden ionospheric disturbance (SID) created when high energy x-rays
and ultraviolet rays strike the ionosphere. The impinging radiation
causes a sudden enhancement of the D-layer which greatly increases
(10 to 30 dB) the absorption of HF radio signals. Typically, a SWF
lasts one to four hours and occurs during the daylight hours. Gen-
erally, the low end of the high frequency band Is affected first.
On an HF path the LUF rises rapidly and may cause sudden radio
blackout.

4.1.1.4.6 Polar Cap Absorption. High energy protons from the sun
are deflected by the earth’s magnetic fields toward the poles. Here
they produce increased ionization in the D-layer. Severe absorption

-
• of HF radio waves results and may last for several days (especially

in the sunlit polar cap). Polar cap absorption (PCA) is generally
followed by the beginning of a geomagnetic storm.

4.1.2 Antennas.

10
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4.1.2.1 General. Althou gh electrical designs of antennas are only
considered in this report , every attempt has been made to make use
of simpl e antennas that lend themselves to use In the Artic.

4.1.2.2 Inverted-L Antennas. The inverted—L antenna is a form of
bent vertical antenna. Generally, it is used to launch a ground-
wave, but it can be designed as a fairly effective skywave antenna.
In either case , the antenna efficiency is highly dependent on the
ground conductivity . In order to use an inverted-L antenna in the
Art-ic a sizable ground screen will be requ ired to overcome the poor
conductivity of Artic soil. Since groundwave is not expected to be
useful during Exercise JAC K FROST 77 due to the ranges requ ired ,
and since a simple dipole will outperform an inverted-L at the same
pol e height on skywave circuits , the inverted-L antenna is not
recomended for this exercise. In the situation that imposes use
of the inverted-L the antenna should be structured such that the
vertical portion is 0.13 to 0.15 wavelengths and the horizontal
portion should be approximately 0.5 wavelengths long. This antenna
design is optimized for short distance skywave use.

4.1.2.3 Sloping Lon9 Wire. The sloping long wire can be used in
two basic configurations , (i.e., a tilted vertical or a long wire
stretched along the ground). The tilted vertical usuall y has a
tilt angle of 30 to 60 degrees above the horizon and a length of
slightly more than a quarter wavel ength. This configuration is
used primarily for short range skywave transmissions. Generally,
it is built with a counterpoise in line with the antenna wire but
pointing in the opposite direction . This antenna ‘is not practical
for this exercise because of the low operating frequencies needed .
In order to be effective the raised end of the antenna will have to
be supported at a height of 70 feet. The other form of this

¶ antenna is not recommended either since it launches a wave at low
take-off angles rather than the high angles needed for the relative
short distance skywave paths planned for Exercise JACK FROST 77.

4.1.2.4 Dipoles. Half-wave , horizontal dipole antennas (sometimes
called doublets) are ideally suited for use over Artic soil. The
antenna should be elevated to a height of 0.10 to 0.18 wavelengths
above ground . At this elevation an upward looking beam will be
formed. Outward to 75 miles the antenna orientation will have
little effect on circuit performance. For ranges greater than 75
miles the antenna wires should be placed broadside to the desired
direction of propagation . The major probl em with the dipole is
that at frequencies around 2 MHz the support poles should be 75 feet
high and not lower than 50 feet. When these conditions cannot be
met , nighttime operations on the shorter paths may be impractical.
Where only one support pole can be obtained , an inverted-vee dipole
can be constructed with the feed point on the central mast and the
arms of the dipole forming an upside down “V” . The arms should not

ii
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droop at an angle greater than 45 degrees from the horizontal.
A l so , the arms of the dipole should be insulated from ground by a
height of 10 to 15 feet. The inverted-vee dipole has a radiation
pattern similar to that of a horizontal dipole but with up to 3
dB loss in gain.

4.1.3 Circuit Performance. Circuit performance is measured in
terms of circuit reliability where circuit reliability is defined
as the fraction of the days of the month for a specified hour of
the day for which the desired type and grade of service may be
expected . For example , a circuit reliability value of .90 at 0200
hours for a “REQD S/N = 50” means that on 27 days of the month
(i.e., .90 X 30 days/mo. = 27 days) at 0200 hours an orderwire
quality voice signal will be received at the specified frequency
shown on the USACEEIA Frequency Reliability Table. It should be
remembered when using these tables that the circuit rel iability
data is only computed for normal or undisturbed ionospheric cond i-
tions. Experience has shown that for communications planning
purposes, circuit reliabilities of .90 or higher are desirable.
Consequently, “operational window ” is defined as the block of
frequencies and times for which the circuit reliability is 0.90

• or higher .

4.2 Net 1: Bethel/Ft Richardson. This is a major net with the
base station at Bethel and a connecting circuit to Ft Richardson .
Deployed un its are located at a distance of 100 miles on any
azi muth from Bethel. The circui t data i s l i s ted i n : Table I
(coordinates), Table II (range and azimuths), and Table IV (radios ,
power levels , and types of service).

4.2.1 Bethel to Ft Richardson. The highest quality service that
can be sup ported with an acceptable re liability throughout most
of the day is Burst CW (REQD S/N = 44 dB). This leve l also cor-
responds to a low quali ty vo i ce si gnal so both vo i ce and manual
CW (whi ch requires a much lower signal to noise ratio) are pre-
dicted to yield adequate reliabil ities. The computed Freq uency
Rel iability Table for this level of service is shown as Table V.
As th i s Table s hows , the optimum hours for operation lie between
sunrise and sunset. The circled valu es in Table V indicate those
hours and frequencies for wh i ch a single channel of radio tele-
type has a circu it reliability of 0.90 or higher.

4.2.2 Ft Richardson to Bethel. The highest quality service 
-

that can be supported on the circ uit with an adequate reliab i lIty
is radio teletype (REQD S/N = 57). The increased t ime availa bility
for this ci rcui t Is predic ted because of the assump ti on that Bethel
i s  In a qui et ru ral loca t ion ra ther than the “rural” assumption
used for Ft Richardson . The computed Frequency Reliability Tabl e

12
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FREQUENC Y REL IABILITY TABLE

DQf 1J~ CT ‘37 OP A 76300.U DCA SSN 13,.6 JANUARY 1977
RFT HFL,A$( TO FT. RICHARDSON AZIMUTHS MILES KM .

— 1~ 1.
q 2W 61.25N — 149.68W 80,52 271.15 406.7 654 .b

TYP~ fl~ cFDV TrF BURST CU MINIMU M ANGLE • .0 DEG REE S
XM TP 2 ~ ~0 14W DiPOLE (p4 1Z.19L1L — .5011* —0] 0FF AZ 0
QCV~ ‘ # ~0 14W DIPOLE (14 12.19] (1 — .501 (A —0) 0FF AZ 0

•400KW 3MHZ MAN —MADE NOISE - —],490RW REQD.5/N • 44DR

FREQUENCIES IN MHZ
iT ‘.0 ,c 3.0 4.0 4.5 5.0 6.0 7.0 8.0 9.0 10.0

0’ .R7 •QA .99 .85 .51 .15 — — REL.

04 .97 .98 .98 .83 .59 .29 — — — — — REL.

06 .Q~ .R5 .66 .19 .07 — — — — — — PEL.

0~ •0~ .81 •b8 .13 .04 — — — — — — REL.

1.’) .91 .76 .26 .12 .04 — — — — — REL.
~~ .94 .86 .47 .27 .13 — — — — — REt..

14 .9~ .93 .83 .34 .13 — — — — — — REL.

16 .96 .92 .76 .24 •07 — — — — — — REL .

18 .~ 8 ~~ •911~.64 .41 .22 .04 — — — — REL.

20 .51 .83 •86 .90 .91 .68 .66 .36 .14 .05 — PEL.

27 .09 .67 .71 ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.86 .65 .32 .06 REL.

.18 .12 95 .86 .63 .29 .04 REL.

IJT 00 02 04 06 08 10 12 14 16 18 20 22
M1I~~ 8 .4 7.0 4 . 6  3.3 3.2 3.6 4.0 3.7 3.5 4.4 6.6 8.5
~flT 6,7 ~.8 3.8 2.4 2.3 2.6 2.9 2.8 2.7 3.5 5.3 6,8

Q 
7’i ’i &s ~~we~i ~~rr is . 9o .

~~~~.

~)AS ’4 F~ TN ~FL TARI L ITY LINES SIGNIFY RELIABILITIES OF 00 PERCENT

P*0VTfl~ UPflATF INFOR MATION TO THIS AGENCY ATTN Z CCC—E ED—PFD

Fr)RT H ’JA C ’- 4 ’J CA , ARIZONA 85b13
AUTOVON 879—6779

TABLE V
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for the circuit with radloteletype having a character error rate
of not greater than 1 per 100 Is shown as Table V I. As shown in
Table V , teletype service is possible during daylight hours ; but
a reversion to marginal voi ce service or burst CW Is predicted
durin g nighttime . As is shown on this Table , the optimum hours
of ope rat ion are between sun r i se and sunse t; al though a marg i nal
window of operation is predicted to be available throughout the
day i f fr equenc ie s as low as 2 MHz are used during the n i ght.

• 4.2.3 Bethe l to Deployed Detachments. The required types of
service for the sub-net are voice ana manua l CW. Voice service
is predic ted to provide adequately reliable service on the hours
between sunrise and sunset and inadequate reliabilities at night.

• Optimum windows for these circuits lie between 2.0 and 4.5 MHz
between 2200 U.T. and 0200 U.T. Typi cal char ts for manual CW
(O.1Al) comunications between a base station and out stations
at distances between 25-300 miles from the base station are
shown in Appendix I. These Tables show that manual CW operations
are predic ted to have optional re liabilities during daylight hours
and limited capability during the night. The night operational
wi ndow narrows to 2 MHz except for 0500 to 0900 U T . when the
frequency of optimum traffic (FOT) drops below 2 MHz. As the
range between the base station and the deployed unit increases ,
the likelihood of support failure at 2 MHz during the early night
deminishes .

4.2.4 Deployed Detachments to Bethel. The required type of
service for th is circuft 1s 300 wpm Burst CW (REQD S/N — 34) .

• Typ ical charts for these circuits are sI~~I!~~~~~ppendix II. As
these char ts show , Burs t CW service is p redic ted to be rel iabl e
throughout the day except for the periods between 0500 0.1. and
1100 0.1. on circuits with less than 75 miles range and decreas-
ing to 0500 U.T. to 0900 U.T. between 75 and 100 miles . Fre-
quenc ies close to 2 MHz will be needed for nightime operation .

4.3 Net 2: Kod i ak Nava l Station/Ft Richardson. This is a
major net with a base stat i on at Kod i ak Nava l Station and a con-
nectlng circu it to Ft RIchardson . Deployed uni ts are loca ted a t a
dis tance of 0-200 m Iles on any azimuth from Kodiak Naval Station .
The circuit data is listed in : Table I (coordinates), Table II
(range and azimu ths), and Table IV (radios , power levels , and
types of service).

4.3.1 Kodiak Nava l Station to Ft Richardson. The highest leve l

of serv ice that is predicted to be s upported with an adequate

c rel iability is voice (REQD S/N 50 dB). A computed Frequency

Rel iability Table for this type of service is shown in Table V I I .

As shown, day time operation is quite reliable. Low quality voice

- 
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U.S.%~ MY C1MMl.!NICATIONS~ ELECTR 0NICS ENGINEERI NG INSTA LLATION AGENC Y

FREQUENCY - REL L A e IL L TY  TA 8L ~~ - -

PR 0J~ f T 23 7  RPA 76350.0 OCA SSP4 13..6 JANUARY 1977
~T QT A Q D~ON TO BETHEL ,AK AZ IMUTHS MILES KM .

— 149.68w 60.8ZN — 161.82W 271.15 80.52 406.7 654.’
TYPF fl~ ~FRV TCF TTY MINIMUM ANGLE .0 DEGREES
1~J~ ~~~~~~~ “ 

30 1-4W DIPOLE - - (H .2.1~~j  (1 — .5~ LiA —Oi OFF AZ • 0
2 # 30 HW DIPOLE (H 12.191 CL — .50] (A —0] OFF AZ • 0

P0WF~ a .200Kw 3MHZ MAN—MADE NOISE • —16608W • 
REQD,5/N • 5708

M I J I T T P A T I - 4  P O W F P  T O L E R A N CE  - 10DB MULTIPATH DELA Y TOLERANCE - 2.OMS.

FREQUENCIES IN MHZ
• UT 2.0  ‘ .5 3.t 4.0 4. 5 5.0 6.0 7.0 8.0 9.0 10.0

0 .82 .07 .98 .99 .99 .97 .85 .51 .15 — — REL.— — — — — — — MP PRDB
04 p.95 .96 .96j .82 .57 .28 — — — — — REL .

‘i— — — — — — — — — — — NP PRO B
06 •.89 .81 .63 .18 .07 — — — — -

— — PEL.
— — — — — — — — — MP PROB

08 .87 
~ .

77 .55 .12 .04 — — — — — — PEL.
_ _ _  — — — — — — — — — — MP PROB

tO  .9’ .87 .72 .27 .12 .04 — — — — — REt. .— — — — — — — — — — — MP PROB
1. .01 ,8Q .8] . .44 .25 .12 — — — — — R E L .

_ _  — — — — — — — — — — MP PRO B
14 I.R9~ .86 .77 .31 .12 — — — — — — PEL.

_ _  — — — — — — — — — — MP PROB
16 J~oiJ .86 .73 .22 .06 — — — — — — REL.

— 
~~~~~~— — 1

_ - - — — — - - MP PROB
1~ I. 8~ ,$6 ,J7~ .6.2 .39 .21, .Q4~~~~— -~~~ - - 

— REL . .
~~~~ — L. — — — — — — — NP PROB

‘0 .51 .82 1.86 .87 .B8~ .85 .64 .34 .14 .04 — REL.— — ~—--— r —  — J  — 
1 = — — — MP PROB

2’ .18 .6 2 .71J .95 .96 .97 .93 1 .84 .64 .31 .06 R E L .
— — - — — — — I —  — — — MP PRO P

~4 .26 .69 .96 .98 .98 .98 .95 I .86 .63 - .21 .04 REL.
— — — — — — —_ ..J — — — — MP PROB

III 00 02 04 06 08 10 12 14 16 18 20 22
¶ MtI ~ 8 ,4  7.0 4 .6  3.3 3.2  3.6 4.0 3.7 3.5 ‘ .4 6.6 8.5

~~~~ .7 5 .8  3.8 2.4 2.3 2.6 2.9 2.8 2.7 3.5  5 .3  6.8

flASHF S TN RrLT *R IL ITY LINES SIGNIFY RELIABILITIES OF 00 PERCENT
TN NP LINES INDICATE FRACTION OF TIME NP PlAY BE A PROBLEM

ON RTT t’KT~ AND DATA CKTS ONLY

PR0VTO~ UPOAT F INFORMATION TO THIS AGENCY AT TN* CCC— EED—PED

FORT ‘4JACMUC A , ARIZONA 85613
A,,Tr?VrD4 870—6779
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Ic

I

______________________________  .. , ,~~. - ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~, •~~~~~~~~ •~~ ~~ . - 
~~~~~~

• • 
~~ ~~~~~~~~~ ~~~~~~~~~~~~

—----_-. - - - • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~-.5- ”-- • - —~~~~



U . !.A ~~MY ~ 3h ’M UNI C A T IQN S—F L L CTR0N I CS ENGINEERING INSTALLATION AGENC Y

FREQUENCY RELIABILITY TABLE

DDO J~~~T !~7 QPA 7b 20~ .Q OCA SSN 13.6 JANUARY 1977
Kl0T&’( ~TAT T~)’J TO FT RICHARDSON AZIMUTHS MILES KM .
57.’ON — 151.40W 6].25N — 149.68W 23.59 206.78 309.1 497.4
TYPF fl~ cFRVTC F VOICE MIPIIJSIJM ANGLE s •~~~ DEG PEE~X M TD 2 ‘~ 30 14W DIPOLE (11 12.193 CL .50] (A 0] OFF AZ • Q
R ’~VP 7 ~ IC) HW DIPOLE (H 12.T91TL — .501 tA  —03 0FF AZ 0
P I J W F P  - .200KW 3MHZ MAN — M A D E  NOISE • — 149DBW RE QD .SFN • 5008

• 
- FREQU E NCIES 11-’ MHZ

UT .43 7.5 3.0 4.0 4.5 5.0 6.0 7.0 ~.O 9.0 10.0

• 07 .02 .95 .96 .97 .95J .88 .fl .12 — — RE t. .

04 .0~ .94 .911 .46 .15 — — — — — —
06 .84 .70 .44 .06 — — — — — — — REL.

-- OR •~ 3 .66 .38 .05 — — — 
- — — REL.

10 .90 .80 .59 .14 .05 — — — -
— — — PEL.

1 .90 .86 .73 .28 .12 .05 — — 
— — — REt .

14 .99 .8? .62 .10 — — — — — — — PEL.

16 .99 .9? .61 .10 — — — — — — — PEL .

IQ .75 .79 .80 .53 .32 .16 — — — — — PEL.

~O .11 .68 .74 .80 .80 .75 .50 .23 .08 — — PEL .

~~ .06 .43 .84 J~90 .9]. .91 .87 .70 .38 .0E — PEt .

‘4 .27 .56 1.92 .96 .96 .95 .88 .66 .29 — — REL.

lit 3~ 02 (a4 06 0~ 10 12 14 16 18 20 22
MU~ ‘.5 6.1 4 .0 3.0 2.9 3.2 3.6 3.3 3.2 4.2 6.3 7.8
~C)Y 6.0 5,0 3,3 2.2 2.1 2.4 2.6 2.5 2.5 3.4 5.0 6,2

I

oA SHcc TI R~~~T A R I L I T Y  LIN ES SIGNIFY RELIABILITIES OF 00 PERCE NT

°RflVTfl~ IJD !~aTE INFORMATION TO THIS AGENCY ATTN $ CCC—E ED—PED

~O~ T H J & C 9 I U ~&, A R I Z O N A  85613
AUTOV flN 979—6770

• TABLE V I I
- 
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may be possible during the night if frequencies close to 2 MHz
are used.

4.3.2 Ft Richardson to Kodiak Naval Station. The highest leve l
of service tFiat is predicted to be supported with an adequate
rel iability Is voice service (REOD S/N — 50 dB). Lower grades

• - of service can also be used over this path. A chart for this
d rcuit utilizing voice service is shown in Table V I I I .

4.3.3 Kod i ak Nava l Station to Deployed Detachments. The required
levels of serv i ce for these circuits are voice (REQD S/N 50 dB)
and manual CV (REQD S/N = 3.4 dB). Reliable 30 watt vo i ce and
manua l CV communi ca ti ons are p redic ted to be poss i ble throughout
the day except for the hours between 0500-0900 U.T. when the
probability of i onospheric support is predicted to be be l ow 90
percent especially at the shorter ranges. Operations during these
hours should be avo i ded. Frequency Rel iability Tables for these
circuits are shown In Appendix I.

4 .3 .4 ~~ployed Units to Kodiak Nava l Station. The types of
service required on these circuits Is voTce and Burst CV.
Frequency Reliability Tables for these circuits (ranges 25 to 200
m i les , power 15 watts) are shown in Appendix II. The type of
serv ice shown on these charts (i .e., Burs t CV) is equivalent to
marginal quality voice service . The optimum times for operation
are between 2000 U.T. and 0200 U.T., as shown on the charts.
Opera ti ons a t othe r hours are pred i cted to be res tric ted to a
narrow window between 2.0 and 2.5 MHz. The major effect of
dis tance on the reliability of these circuits Is In the predicted

• optimum traffic frequency. As the distan ces become greate r (up
to 200 miles), the optimum traffic frequency is r ~d i cted to ri se
and the windows of operation are predicted to increase.

4.4 Net 3: Ft Greely/Ft Richardson. This is a major net with
the base station at Ft Greely and i connecting circuit to Ft
Richardson Fi e ld uni ts w i ll be dep loyed from 0 to 50 miles
around Ft Greely. The circuit data is liste d in: Table I
(coordinates), Table II (range and azimuths) , and Table IV
(rad ios , powe r levels , and types of service).

4.4.1 Ft Greely to Ft Richardson. The type of service that is
predicted to be supported with even a mar g inal rel i abil ity i s
manual CW. The factor which Is limiting the success of this
circu i t Is the proposed use of the KWM—2 radio. The KWM-2 has
a 3.4 MHz low-end cut—off frequency . Consequent ly, use of this
radio is limited to daytime hours . This radio should not be
used if nighttime operations are required. A typical frequency

4
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FREQUE NCY KELIA BILITY TABLE S

P R O J F A T  ‘~ 7 RPA 76250.0 DCA SSN 13.6 JANUARY 1977
FT 0 t C - 4 A R I ) ~~ lN TO KODIAK STATION AZIMUTHS M ILES KM.

— 140.68W 57.20N — 153 .40W 206.78 23.59 309.1 497.’~
TYPF ~ cFRVTCE VOICE MINIMUM ANGLE • .0 DEGREES
X M T R 7 ~. 30 14W DIPOL E (11 12.19) 11. ~— ,5 Q3 iA -~0) OFF AZ • 0

• R CV R ~ . 10 I-l W DIPOLE (H 12.19] CL — .501 (A —03 OFF AZ • 0
- .400KW 3MHZ MAN— MADE NOISE —16606W REOD .SI$ • 500P

M t JL T T PAT ~I POWER TOL ERAN CE • 10DB MULTIPATH DELAY TOLER A N CE • 2 .0 ’ S1

FRE QUENCIES IN MHZ
UT ‘.0 2.5 3.0 4.0 4.5 5.0 6.0 7.0 8.0 9.C 10.0

0 .99 .90 .99 .98 .96 .89 .53 .12 — — — PEL~• — — — r - — — .09 — — — — ‘~~ ~~~~04 .99 .99 .95J .48 .lb — — — — — — PEL.
— .07 — — — — — — — NP PR OB

06 .9~ .75 .47 .07 — — — — — — — PEL.
— .53 .22 .01 — — — — — — — NP PRO P

~ .91 .71 .41 .05 — — — — — — — PEt.
— .50 .19 — — — — — — — — NP PRO B

10 .96 .95 .62 .15 .05 — — — — — — PE E .
— ,39 .04 — — — — — — — NP PRO 3

12 ~Q7 .011 .76 .29 .13 .05 — — — — — PEE.— —~~ .58 .12 .04 — — — — — — NP P R O 8
14 .95 .87 .65 .11 — — — — — — — PCI .— — .40 .01 — — — — — — — Ni ~’ PROP
16 .94 .88 .65 .10 — — — — — — — REL.

— .!3 1i .01 — — — — — — — NP PROP
.04 .95 .941 .6]. .36 .18 — — — — — R Et . .

—s——, — — I—,p3 1’~ .05 — — — — — NP PROP
23 .80 .93 .95 .96 •~~1 .87 .57 .26 .09 — — REt..

• .90 1 — — — — 
~~ 

—--i .24 .06 .01 — — NP PROP
• 

“ .7~~1 .91 .98 .99 .98 .981 .92 .74 .40 .08 — REt ..
—~~ — — — — — I — .26 — — — NP PRO P

~~~~~~~~~~~~~ • 97 .99 .99 .98 .97 1 .6.9 .61 .29 — — PEL.
1— — — — — —~ J — .17 — — — NP PROP

lIT 00 02 04 06 08 10 12 14 16 1E 20 22
M~~ JF 7.5 6.1 4.0 3.0 2 .9  3 .2  3.6 3.3 3,2 4.2 6.3 7.8
~0T 6.0 5.0 3.3 2.2 2.1 2.4 2.6 2.5 2.5 3 .4  5.0 6.2

!)A5l-4 F~ TN R F L T A P I L I T Y  LINES SIGNIFY RELIABILITIES OF 00 PE R CE N T
N ,JMqro~ T M NP LINES INDICATE FRACTION OF TIME NP MAY BE A P R O B L E M
IN PTT CKT~ A NC) DATA CKTS ONLY --

~R0V I~~ U0~&TF INFOR MATIO N TO THIS AGENCY ATT N $ CCC—E ED— PED

FORT 4tiAC l-l l J ~~A,  A RIZONA 85613
&‘

~
Tf IVflM 979—67 79

TABLE V I I I
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• reliability table for manual CV operation is included in Table
IX . Vo i ce serv i ce is pred i cted to be pos si ble on ly durin g day-
l ight hours and in a narrow window of operation .

4.4.2 Ft Richardson to Ft Greely . The hi ghest leve l of service
• that is predlcted to be supported with an adequate reliab ility

is vo i ce (REQD S/N — 50 dB). A Computed Freq uency Reliability
Table for this type of service is shown in Table X. However ,
the return link from Ft Greely is only capable of supporting
manual CW for most hours of the day primarily due to the low-
end cut-off frequency of the KVM-2 radio. Voice operation may
have to be limited to the hours between 2200 U.T. and 0200 U.T.
unless anothe r radio capable of operating at 2 MHz is used at
Ft G reely.

4 . 4 . 3  Ft Greely to Depioyed Units. The required levels of
service are voi ce and manua l CW~~ Voice serv i ce is predicted
to be of poor quality and un reliable. Optimum hours of
operatio n are between sunrise and sunset. The hours between
0400 and 0900 should be avoided due to a low p robab i l it y of
ionospheric support. Frequency ReliabIlity Tables showing
this type of service are Included in Appendix I.

4.4.4 Dep l oyed Units to Ft Greely . The type of serv i ce required
on this circui t are voice and Bürst CV. A set of frequency re-
liabili ty tables for ranges from 25 to 50 miles utilizin g Burst
CW service (REQD S/N 44 dPI are shown in Appendix SI . A poor
quali ty voice service is pos s i ble on ci rcui ts wi th a s i gnal
quality equal to that used -for Burs t CV communications. As
the charts show, the optimum traffic frequency is predicted to
rise as the circuits become longer in length. Thus , the avail-
able window of operation Is predicted to become larger also.

I

4 19

-— ~~~~~~~~~~~~~~~~~~~~ ~~~~ ..
- 

~~~~~ ... •~~~~~~~ - -
~ 

-•~ ~
-

— — -~—-S-- — --—--- --.—~•—--- -—--S---— ---- -— - ~~ •~~ •_ h~~~~



IJ.~ .~~PMY CONM (JP4ICAT IONS_ ELECTRO NI CS ENG INEERING INSTALLATION AGE N CY

- -— FREQUENC Y RELIABILITY TABLE - -

P R I)J T 

~~~ RPA 76400.0 DCA SSN 13.6 JANUARY 1977
FT G Q F EIY TO FT R ICHARDSON AZIMUTHS M ILES K M .
64.50M — 145.50W 6].25N — 149.68W 212.26 28.54 260.2 418.9
TYPE 0~ ~F RVT C F MANUA L CW MINIMUM ANGLE • .0 DEG R EES
X M TR 7 ‘ IQ HW DIPOLE (H 12,]93 (L —~,5Q1 (A —0 ) OFF A ! • 0
RCVR ‘ ~. 30 HU DIPOLE (14 12.19) C L — .50) C A  —0 ) OFF AZ • 0
POWER a .100Kw 3MHZ MAN—MADE NOISE a —14908W PEQD.S/N • 3409

FREQUE NCIES IN MHZ
‘iT 2.0 2.5 3.0 1 4.0 4.5 5.0 6.0 7.0 8.0 9.0 10.0

0 . .94 .95 .95 L.92J .83 .65 .16 — — — — PEE.

04 .91 .96 .70 .23 .09 — — — — — — PEL.

06 .79 .54 .25 — — — — — — — — REt...

08 .00 .65 . 3 3 J —  — — — — — — — REL.

‘A
10 .96 .94 .61I~ .14 .04 — — — — — — REL.

1. .94 .89 .73~~.19 .04 — — — — — — REL.

14 .91 .91 .55~~.06 — — — — — — PEt..

16 .04 • 84 .52~~~.07 — — — — — — — PEL.

lB . 79 .91 .78f4.38 .19 .08 — — — — — PEE .
- ---- I - --S  •~~~_ -

!0 .70 .99 .89 .88 .83 .72 .29 — — — — REL.

22 .75 .87 .89 .90 .901 .88 .74 .42 .08 — — PEE .

24 .05 .99 .99 .99 .98 
~~~~~~~ 

.76 .35 .06 — — PEE.

- • ‘IT 33 02 04 06 08 10 12 14 16 18 20 22
MIJF 6.6 5.3 3.4 2.6 2.7 3.2 3.4 3.1 3.1 3.9 5.6 6.9

• FOT 5 .4 4 .4  2.5 1.9 2.0 2.4 2.6 2.4 2.5 3.1 4.5  5 .5

• OA ~~HFc T N R F L T A P I L I T Y  L INES SIGNIFY R E L I A B I L I T I E S  OF 00 PERCENT

PRrIVTnF JPOATF INFORMATION TO THIS AGENCY ATTN $ CCC—EED—PED

~1RT ‘WACHUCA . ARIZONA 85613
LUTUVO N ~7q—677Q

TABLE IX 
-
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U.S.&QNY COMMUNICATIO NS—ELECTRONICS ENGINEERING INSTALLAT iON AGE NCY

FREQUENCY RELIABILITY TABLE

PR OJErT ~‘7 RPA 76450.0 OCA SSN 13.6 JANUA RY 1977
F T RTCL4AROV )N TO FT GPFELY AZIMUTHS MILES KM.

— 140.68W 64.50N — 145.50W 28.54 212.26 260.2 418.8
TYP E O~ ~FPVT~ E V OICE MINIMUM ANGLE • .0 DEGREE S
Y’~TR ‘ ~ 3fl 14W DIPOLE (H 12.19111. —,5QJ -~~~~~ —0] OFF AZ • 0
PCVQ ~ 33 H~ DIPOLE (H 12.19) CL — .50) CA —0) OFF AZ • u
POWER - .400KW 3MHZ MAN—MAD E NOISE • -166DBW REOD.SIN • 50P9

FREQUENCIES IN MHZ
UT ‘.0 ‘.5 3.0 4.0 4.5 3.0 6.0 7.0 8.0 9.0 10.0

02 .95 .96 .97 .84 .65 .16 — — — — RE t. .
04 .94

J 
.96 .69 .23 .09 — — — — — — PEE.

06 .70 .54 .25 — — — — — — — — PEt . .

~~ ~~~~~~~~ .33 — — — — — — — — PE E.
—

10 .95 .84 .60 .14 .04 — — — — — — REL.

12 .93 .87 .72 .18 .04 — — — — — — PEE.

~4 .00 .80 .5 3 .05 — — — — — — — PEE.

16 .95 ,~P4 .53 .07 — — — — — — — REt .
—

1R .A4~ .86 %.81 .4Q .20 .09 — — — — — PEE .

20 .84 .91 .92 .84 .73 .29 — — — — PE E .
~? .8~ .90 .92 .93 .92j.89 .75 .42 .08 — — PEL.

24 [96 .99 .99 .99 .98 .95 1.76 .35 .06 — — PEE.

UT 00 02 04 06 08 10 12 14 16 18 20 22
MIJF 6.6 5.3 3.4 2.6 2.7 3.2 3.4 3.1 3.1 3.9 5.6 6.9
COT 5.4 4.4 2.5 1.9 2.0 2.4 2.6 2.4 2.5 3.1 4.5 5.3

n4s’iFc TN RE L IA B ILITY LINES SIGNIFY RELIABILITIES OF 00 PERCENT

PROVT OC IPPOATE TP4FORMATION TO THIS AGENCY ATTN $ CCC—EE D— PED

PrJQ 7~ H’~*~ 4!HCA, ARIZONA 85613 
-

*IJTOVOM 879—6779

TABLE X
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APPEN DIX I

BASE STATI ON TO DEPLOYED UN I TS

I
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- - -S~~~ S - -~~~~~~~~

~~~~~~~~~~~~~ LuM IC~~1 I S ELrC1 ~djN1C~ t NGIN FE~
(.tNG INSTALL A TL LI N AGtJ.CY

F k c Q U i N C Y  R tL IA B ILI TY TA 13LE

°~~~ j F C T  23 ? kPA 7~~i~~c’.O OC A ~~N .6 JANL AR Y 1c77
~~ cr~~TATION 11) 25 M IL~~ A2.LMUTHS MILLS KM.
Li ~~~~~~~~ — c1.2~ ’ — 148 .~?3~ ~~~~ ~7C- .41 3.i.9 4~~.I
~vn~ ~ S~ 1.~~ICE MANL ;AL Cw MLN IMLM A NGLt • •, )  ()EGRECS

~~~~~ 2 i+ 30 14W DIPC~Lt~ (14 12.19) LL .5C.) ( A  v )  OFF *2 ‘
~. 30 14~ DIPOL~- 

(H 3 .J 5 ]  CL — .50]  (A — 0 )  O FF *2 •

• ~~vrp • .015KW 3MH Z PAN—M AD E NOISE • —lob i)Bw RE QD .SIN • 3406

fREQUENC I~ S IN P~HZ
LI 2.0 2.5 3.0 4.0 4.~ ~.0 ~~ 7.0 ~i.U 9.0 1~.0

c2 .7 .~~T .~ 7 .82 .5? .Z7 — — — — — R E L. L. J
L ~~

04 .S2 .77 .~0 .O~ — — — — — — — R~~L.

06 .69 .~~4 .13 — — — — — — — — REL.

C F .77 .4 ~ .13 — — — — — — — — R~~L.

1L .90 .66 .33 — — — — — — — — REt .

12 .92 .7~ .4~ .33 — — — — — — — R~ L.

14 .88 .t.4 .~~8 — — — — — — — — R€~L.
16 .93 .65 .2~ — — — — — — — — REt.
1E .7 .86 .6~ .1~ .07 — — — — — — Ret.

?( .92 .93 .93 .ô3 .bt .39 — — — — — RtL .

22 — .93 .94 .93 .89 .~31 .43 .0~. 
— 

- -  — — R L .

24 .‘~9 ~~~~~ .°~~ .Jt .93 .t �  .38 .05 — — — R~~L.

(1 (~~ C2 ~.4 C6 ‘~~~ 13 i2 14 16 18 2 C 22
MIF ~ .& 4 . 6  3 ,( 2 .3  2 .4  ~~.O 3. ’J ~.7 2.? 3.5 4.’~ ~e .9

~i1 4.7 3.3 2.2 1.7 1.d 2.0 2 .3  2 .1 2 .2  2 .8  3.~ 4 . 7

~N R~~LI L P IL ITY L INE- S SIGNi FY RF L IA 8I L IT~ES C F 00 P ER CENT

O~~~V IDF I JF DATE INFORP~A TI CN TO THIS AGENCY A T T N *  C C C — € E O — P E D

~~1Q~~ H l j A C h ( j C A ~ AR IZONA ~5~ 13 
---- S - - -

• ‘ I T ~~JC N d 7 9 — c 7 7 9

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~ -~L~i~ 
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-S

~~~~~~~~~~~~~~ t C L C ~~1iL E1~~Ci~~LN1C~ ui~ -~~~k1~~G INS1*LLAUJN ~CtN C Y

• I-~- E ~~(JIMC Y I~EL I A31 L LTY IABLc.

~Q PJ fC T ~37 FPA 7~-~ O (-.0 OC A ~ $N 13.6  J A N U A R Y  ~~77
10 -

~~~~ MILE S A Z1MLJJ HS MIL~~ K M .

~‘1 ~~~ — 14c.~~t u t.1 .24N — 14b.1e~ d9 .97 271.45 ~~~.d
- •TY~~~ C~ S~ k~..ICE MANUAL Cw M INIMUM AN GLE • .~~~ Lt.GREL~

~~~‘P 2 r~ 30 H~ 0I~’OL i (H 12.19) LL .50) CA 0) u~F A Z
~~~~ ,~ ,. 3~J H~ f I P O L F  (H 3 .j 5J  C L — .50] CA —3 ) £F~- A Z •

_~~ 1I~~~~ • .015 KW 3~ r~Z MA N—M ADt N0IS~ • — 16608w REOD .S/N • 340t i .

F P L C U E N C I~~ IN M~4Z
LI ~d 2.~ 3.~ 4.~: 4.5 5.0 6.0 7.0 c.0 9.(, 10.3

( 2  .9 7 .97 .97 .~~~~ .~ 7 .~ b — • — — — — P~ L.

~ 4 .92 .77 .~~~~ .(‘8 — — — — — — — RLL .

~t .~~9 .34 .13 — — — — — — — — RE L.
~ .77 .41 .13 — — — — — — — R ..L.

iC .9 . .6 6 .~~4 — — — — — — — — Rt L .

12 .92 .79 .4’~ .04 — — — — — — — RLL .

14 .~.e .65 .29 — — — — — — — — R~.L.
•.1

if .93 .6~ .28 — — — — — — — — Rt L .
~~~ ~~~~~~ .~~~~~ .7j .20 .C7 — — — — — — Ret .

21 .92 .93 .3 .84 .67 .41 — — — — — Re t .

22 .93 .93 .94 .97 .ec .di .45 .C6 — — — R~~L.

?4 .~~9 .c9 .Q9 .9’ .9 3 .~~3 .39 .35 — — — Rt~L.
- -

LI co 02 04 06 08 A0 12 14 16 18 2L- 22
MUF 5.6 ‘~.6 3.0 2.3 2.4 2.~ 3.3 2.7 2.7 3.5 4.9 6.~

j
FC T 4.7 3.~i 2.2 1.7 j . . b  2.0 2.3  2.1 2 .2  2.3 3.9 4.~

~~~ - F S  iN ~- f L I A ~~1 L I T Y  L I NFS S I G N I F Y  kE L 1A ~~ILI11E~ OF 00 PER CENT

°°“VIN UPUA1 L INFO RMATIO N 10 11415 AG INCY ATT N~ CCC—E ED— PEO
—5 - - - - - — 5 - - — - 5 - —  - - -  — --

r — ’ c~~ HUA C HULA , AR iZO NA ~~f 13
‘~‘ ‘ r ~V (1N 879—677’,
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~~~~~~~~ C 1P fr L ~~~~~~~~~~~~~~~~~~~ tI~G it’tE l~iNG 1’~S 1AL1AT1 J N ~~ [ r . CY

FP~~3L~~NCY ¼L L~~A o iL11Y IA BLt
rI3~i J E C T  237  k~~* 7t.~ o..C OCA ~S~’ 13.6 JAN UA RY 1977

eC
~~~1A1 J UN T O 7t  ‘~] L~~S A Z IMUTHS ~IL E5 KM.

— 14Q .~~bw ~ 1.23~ 
— 147.42w ~9.9i ~7~ .Q5 81.1 i3~ .c.

T Y P F  CF SEP -V ICE MANU A L C~’ M INIMUM ANGL E • .C GR C~~S
~~~TP 2 ~ 30 Hb UI PULE (H 12.19) CL — .Sv ] [ A —Li ] OI~F AZ •

~~~V D 2 ~+ 3~ Hh Ci IFCLE ( H  3.~ 53 R — .5~] (4 — OJ OFF AZ •

• ~~~~~~ 3MHZ MAN—MA D:  NOIS E • — 166O~~W P E Q O . s / N  • 340r

F R~~0UENCI i~ IN 1 h Z
1.1 2.~ 2.~ 3 .( .s 4.(  4 . 5  ~.0 6 .U 7.0 d. u 9.0 10.o

( 2 .97  .97  • 07 .63 .59 .29 — — — — — R i L .
,- I

04 .92 .77  .51 ~~~~~~ — — — — — — — Rt L .
C’ .7~ .35 .11 — — — — — — — — R E L .  __

• (S .43 .14 — — — — — — — — RrL .
1C . ,i .68 .~~6 .14 — — — — — — — REt .

12 .~i2 .79 .5 ,  .‘-4 — — — — — — — R E t .  -‘

14 ~~~~~~ .65 .29 — — — — — — — — REt .

16 .94 .67 .3t — — — — — — — — R E t .

~~~ • &~~ .t e  .71 .2] .*j 8 — — — — — — P € L .
- - 5

-

21 .9? . 3  .93 .& ~ .7C’ .4 5  — — — — — R t L .

22 .93 .92 • 3  . i3 .9C .b3 .4b .C7 — — — P i t.

• 24 .09 .99 .99 .~~~~~ •9’, ~~~ .41 .06 — — — ~~LL.

IT L’... . . ?  04 06 C~ 10 12 14 ló i~ 20 22
~~~LF ~.8 4. 7 3.0 2 .4  2.4 2.e 3.0 2.7 2.7 3.5 5.3
101 4.F 3.~ 2.2 j .7 j .ö  2.1 2.3 2.1 2 .2 2.8 4.0 4 .~

r~~~ 4fç I’~ RtL IA B I L L TY LI~11S S 1G~ IFY PLIA8I L IT IES CF 00 PE RCE NT

( ‘‘‘~V I C L  LPII IITt :  I N F I J K MA T I Q N  TO THIS AGENCY AT T~’U C C C— ~ LO PEL)

r — ’c- r f4JA C HU CA , AR I ZO NA d~ 613

4 ~‘I ’f ’ ~j C -~’ 870—6779
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II .c .t~~~.Y 1(~~ 1~-L ~~J C L 1  T~~N S — F L c C 1 ~~Cf ~ j~~S L NtLPI ~~, I N S 1A L L A T 1  ~N A L L ~NCY

l-e ~EQ Uf NC Y R LL IAo LL IT Y TAB LE

°“~~J~ C T 2 3 7  ~~~~ ? b , C~~~~.0 OCA SSN 13.6 JANUARY 1977

~~~ STA T IEN T~ 1(0 M]L€S AZ1 1~UIHS PILE S KM.
— 149.~.s~~W ~1.22~ 

— i4b.67~ ~9 .72 272.52 105.1 170.7
‘ Y OF  CF SE~~~1CE ~A NUA 1 CW MIN1ML. M ANGLE • .~~~ CEGR r E~

~~ 2 ‘ 3w H~ ( I PO L E  (H 12.193 CL — .50) (A —0 ] OFF AZ •

‘~~V~ 2 ~. 30 Hb D i P O L E  [H 3 . ..~~t I ]  (t — .50) (A — U]  O F F  A Z • L
D1W~ R • . C j S K w  3MHZ MAN—MADE NJISE • — lb 6Dbw PiQO.S/N • 3 4 0 8

FRE~~UENC 1ES iN MHZ
UT 2.0 2.5 3~~~~1~ 

~~~ 4. 5 5 . O 6 .0 Y .O b.O 9.C 10.3

C2 .~~7 .9? .~~7 .84 .6 1 .31 — — — — — P E t .

C4 .°2 .78 .52 ...,9 — — — — — — — R Et .

~6 .71 .37 .12 — — — — — — — — R L L .

C~ .79 .44 .10 — — — — — — — — RcL.

IC .91 .69 .311 .o~ — — — — — — — R~~L.

12 • Q2 •6~ .52 •~~5 — — — — — — R Et .
14 .65 .60 .31 — — — — — — — — P Et .

1 . .94 .69 .32 — — — — — — — — REt .

1€ .~ 6 .66 .73 .23 .C9 — — — — — — REt .

20 .91 .93 .93 .8~ .72 .49 .04 — — — — REt.

22 .9~ .92 .93 .93 .90 .~ 4 .51 .10 — — — REt.

24 .‘9 .99 .99 .~~8 .95 .ob .44 .07 — — — REt .

IT v(  02 ~~ Ob C~ 10 12 14 16 18 20 22
~~ 5.9 4.7 3.1 2.4 2.4 2.8 3.1 2.8 2.8 3.6 5.~. 6.1
FL ~T ~~~ 3,9 2.2 1.7 1.8 2.1 2.3 2.1 2.2 2.9 4.0 4.9

‘~~HES IN P ILIAR IL IT Y IIP-;ES SIGNIFY LIABILITIES (iF 00 PEPC~ NT

~‘‘~‘~‘IDF UPDAT2 INFORMATION TO TIllS A GENCY ATTN * CCC—LED — PED

rri~~( HUACH UCA, A RI 7 CN * 856 13
~ I l T ’ f l d Q N  879 o779
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Ii .~~.Ar ’~Y (. UN J CA1 1 S—Etr :CT~ QNL CS I L ~~)N~ LNSTA L LA II JN A G E ~.C~

- ~ R~~Q U6 NCY R C L I A B I L I T Y  
- 

T A 8 L E  
-—

~““JECT 23? RPA 7f700.O OCA SSN 13.6 JANUA R Y i977
TO 325 NiL E S AZ IMUTHS M ILeS KM.

#,1 .751’  — 149.8tw c1 .ZON — 145.9 2w 89.78 273.24 131.1 21o.c
. T V C F  CF S EP~~1CE MANUAL C W MINIMUM A NGL L • .0 DEG RE ES

y 4 T 0  2 r~ 3~j 14W D IPO lE  (H 12.19] LL — .50) [A  —0 1 OFF AZ • (.

~~V V 2 ,~ 3~ H~i DIPO LE (H ~~.r0 5 ]  (1 — .503 ( t~ ~ .s3 OFF A Z a

)-
~w r p  • ,0151c w 3MH Z M A N— MAD E NOISE • 1b6OB~ RE OD.SIN • 34 0 - 8

FRE OUENC IIS IN MHZ
UI 2.0 i.5 3.~ 4.0 4.5 5.0 6.0 7.0 8.0 9.0 10.3

(‘2 .96 .97 .97 .85 .64 .34 — — — — — RE t.

C ’, .9? .79 .54 .1k. — — — — — — — R E t .

~6 .72 .39 .13 — — — — — — — — REt.

0~ .81 .47 .17 — — — — — — — — PEt.
10 .9� .71 .40 .05 — — — — — — — REL.

~2 .~ 2 •t i .‘~~ .06 — — — — — — kE L .

14 .89 .68 .33 — — — — — — — — PcI .

16 .95 .72 .34 — — — — — — — — Pit.

1~ .f 6 .17 .7~ .26 .11 .04 — — — — —
2~ .92 .92 .93 .67 .75 .54 .36 — — — — R E L .

22 .91 ,92 .93 .93 .91 .85 .56 .13 — — — R Et .

24 .~~~~~ .9~ .99 .98 .95 .87 .46 .10 — — — R E L .

CT C O ~ 2 u4 06 C8 10 12 14 16 18 20 22
MUF 6.0 4.8 3.1 2 . 4  2.~ 2 .9  3.1 2.0 2.8  3.6 5 .1  6.2
FOT ~.4 3.9 2.3 1.~ 1.0 2.1 2.4 2.1 2.2 2.9 4.1 5.0

‘
~~~~~~~
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