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VLFACM PROGRAM DESCRIPTION AND OPERATIONAL MANUAL

INTRODUCTION

The Very Low Frequency Automatic Computation Method (VLFACM) is a computer program
designed to evaluate the effectiveness of VLF communication circuits. The propagation and atmos-
pheric noise models cover the 10- to 30-kHz-frequency range. Signal and noise thresholds, signal-to-
noise, and signal-to-jam ratios can be computed for specified time availabilities, or conversely, time
availabilities may be computed for specified ratios and thresholds. VLFACM is written in FORTRAN
and is presently being run on the (NRL's) Texas Instruments Advanced Scientific Computer (TI/ASC),
which is a large batch processing machine.

The purpose of this report is to enable someone unfamiliar with VLFACM to operate the com-
puter program effectively. Effective program operation entails the ability to properly select program
options and interpret the results as well as the expertise to execute the program on a computer. There-
fore, brief but adequate descriptions of VLFACM models and methodologies are given, along with a
detailed description of operational procedures.

HISTORY

The VLFACM propagation model, as originally developed by RCA [1], has undergone two suc-
cessive modifications. The first modification, designated "NRL 1 and W.P. 18," consisted of adjust-
ments in attenuation rates for "poor land," "arctic land," and "ice cap" [2]. The first revision was
prompted by gross disagreement between the VLFACM propagation model and data collected over pro-
pagation paths having low-ground conductivity. A second revision, designated "NCPP 70" and based on
a much larger amount of data, further refined the attenuation rates and excitation factors used in the
VLFACM propagation model. The result was very good agreement between the model and data above
14 kHz. However, since no data below 14 kHz were used in the analysis, the model's validity below 14
kHz is questionable. In fact, comparison with data at 10.2 kHz has shown gross inaccuracies in the
NCPP 70 propagation model at this frequency. Therefore, it is inadvisable to use the VLFACM pro-
gram below 14 kHz.

The present model designation for the VLFACM program is NCPP 74. The designation results
from a change in the atmospheric noise model used by VLFACM rather than the propagation model,
which is the same as the NCPP 70 version. In the NCPP 74 version of VLFACM, the CCIR noise
model [31 is replaced by the WGL noise model [4]. The WGL model, as refined by NRL, is more
accurate than the CCIR model [5].

The majority of VLFACM communication coverage predictions existent in the user community
have been generated with the NCPP 74 model. However, some users still may have predictions com-
puted by the older NRL 1 and WP 18 or NCPP 70 models. Care should be taken when determining
consistency of new results with older work to assure that the models are identical.

Manuscript submitted on August 8, 1981.

1



HAUSER, RHOADS, AND KELLY

PROPAGATION MODEL

VLFACM computes the first two moments of a signal distribution, i.e., mean and standard devia-
tion, at a receiver location given the location and power of the transmitter, the universal time, month,
and frequency. The mean signal is calculated using a semi-empirical dominant mode propagation
model. The mathematical formulation is similar to J. R. Wait's [61 for a single waveguide mode. How-
ever, the modal attenuation rates and excitation factors are empirically derived. The following parame-
ters are accounted for in the computation of the mean signal strength: 1. changes in ground conduc-
tivity along the propagation path, 2. changes in ionospheric reflection height (day or night), 3. solar
zenith angle (for daytime propagation), 4. direction of propagation with respect to the earth's magnetic
field (for nighttime propagation), 5. total path length, and 6. frequency. Reference 2 gives a more
detailed explanation of how mean signal strength is computed. Also, it is important to note that only
the vertical electric (TM) field component at the ground is computed by VLFACM. This limits the
program's applicability to TM fields generated and received at or near the ground.

The standard deviation of the signal strength is empirically derived and is based on the following
parameters: 1. path length, 2. frequency, 3. season, 4. geomagnetic latitude, and 5. ionospheric
condition, i.e., day, night or transition. Further explanation may be found in Ref. 7.

NOISE MODELS

Both the CCIR and the WGL atmospheric noise models are included in the current revision of
the VLFACM program. Both models compute the mean and standard deviation of the vertical electric
atmospheric radio noise at a receiver located at or near the ground. The WGL model is the one nor-
mally used for computing noise in VLFACM. However, an option to select the CCIR noise model is
also available to facilitate computing noise at frequencies above 30 kHz. This option is provided to
satisfy the requirements of some users who have needed signal-to-jam plus noise (S/J+N) predictions
in the 30- to 44-kHz-frequency range. The technique used is to run the propagation model at 30 kHz
and degrade the resultant signal and jam fields by a constant number of decibels to simulate the higher
frequency, while at the same time using the CCIR noise at the higher frequency. The method is admit-
tedly crude and is viewed as a stop gap measure until an LF program is produced that has the same
signal-to-jam capabilities as VLFACM.

STATISTICAL METHODS

Both the propagation and the noise models compute the first and second moments of their respec-
tive distributions for each hour of a 24-hour day. Both signal and noise distributions are considered to
be log-normally distributed over the span of one hour for any given month. In other words, if the sig-
nal or noise were measured each day during the same hour over a one-month period, the 30 measure-
ments obtained would be log-normally distributed. From these moments, i.e., S, oaS, N, (ON, and, in
the case of jam signals, J and o-j, the first and second moments of the ratio distributions are derived in
the following manner:

(S/N)= S-N
(aS/ =(S2 + 0.2)1/2aSIN s 

(S/J)= S - J

aO.] = (o.s2+ o 112.

These equations are valid only if S, N, and J are uncorrelated; and, this is assumed to be the case in
VLFACM. Therefore, the S/N and S/J distributions are likewise log-normally distributed.
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VLFACM also computes S/J+N and S/J+J ratios. The estimates of the first and second
moments of these distributions are complicated by the linear addition of J+N and J+J. A technique
for estimating the first and second moments of a linearly combined distribution, given the first and
second moments of its addends, may be found in Ref. 8.

With the first and second moments of a log-normal distribution, one may calculate the threshold
given the time availability or the time availability given the threshold. A threshold is a value of S, N,
S/N, S/J, S/J+N, or S/J+J, whereas time availability is the percentage of time that a threshold is
either equaled or exceeded at a specified location for a given span of time. VLFACM can compute
thresholds or time availabilities on either an hour-by-hour basis or on a 24-hour basis. In the event
that a 24-hour basis is chosen, VLFACM performs an iterative technique to find the threshold of the
combined 24-hour distribution for a given time availability [9]. If the time availability is being
computed for a combined 24-hour distribution for a given threshold, it is computed by averaging the
hourly time availabilities.

VLFACM OPERATIONAL OVERVIEW

VLFACM requires two files of data for proper execution. The first file is normally read in via a
card reader or entered through a teletype terminal and contains the input specifications for essential
parameters such as transmitter, receiver, and jammer coordinates, frequency, radiated power, required
time availabilities or thresholds, month, and option flags. The second file contains either the WGL- or
the CCIR-noise data, depending on which VLFACM noise option has been selected. It is the user's
responsibility to see that the correct noise data file is assigned to the job.

The execution of the VLFACM load module generates two additional files of data. The first is a
print file containing the input specification data and either the threshold levels or time availabilities, and
the second is a tape or disc file containing the same information, but in a format compatible for input
to plotting routines. The plotting routines are run as separate programs and provide a variety of options
for graphic presentation of VLFACM data. Figure 1 depicts the processing involved in producing
graphic output with the VLFACM computer program.

VLFACM NOMENCLATURE

Several points about VLFACM nomenclature are worth emphasizing. The first is the distinction
drawn between "A" and "B" options. "A" options compute thresholds or time availabilities for many
points, whereas "B" options compute for only a single point. Therefore, one must specify an "A" option
if the final graphic output is to be a contour map or a threshold/time availability versus distance plot.
For a diurnal plot, one must begin with a "B" option.

"Time availability" (TA) and "probability" are often used interchangeably. VLFACM can give the
time availability as a number in the range 0 to 1 for a single hour of a month or for all hours of a
month. For example, a 90-percent (.9) time availability for all hours of the month means that for a
given month at a specified location the threshold level is equaled or exceeded 90% of the total time
during that month.

The preceding example also illustrates what is meant by the "all hours" option. The other options
are "specific hour" or "worst hour." Specific hour means that time availability or threshold is computed
for each specified hour rather than for a combined 24-hour distribution. For example, if 1200 GMT
were chosen, a 90-percent time availability would mean that the threshold is equaled or exceeded 90%
of the time during the 1200 GMT hour over the span of a month. The worst hour option is similar to
the specific hour option with the difference that VLFACM determines which GMT hour has the lowest
threshold or time availability, and results are given for that hour.
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Fig. I - Flowchart showing the process required to produce graphic output from VLFACM.
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The term "threshold" denotes either a field strength level or a ratio. Signal (S) and noise (N) field
strengths are given in dB > 1 Av/m. Signal-to-noise (S/N), signal-to-jam (S/J) and signal-to-jam plus
noise (S/J+N) ratios are given in decibels.

VLFACM INPUT SPECIFICATIONS

The following tables give a card-by-card description of the input specifications required to properly
execute VLFACM. Underlined data in the tables are punched on the cards exactly as shown. The
"Explanation" portion of each table gives a very detailed explanation of the contents, purpose, interplay,
and pitfalls of each data field. A careful reading should give one a good understanding of how to exer-
cise the variety of options VLFACM offers. However, initially understanding a few concepts about set-
ting up a VLFACM-input specification file should prove helpful:

1. A General card is always the first card and a Blank card is always the last card.

2. A General card is always followed by an Options card unless an "Ignore Options" flag is specified
on the General card.

3. All cards may be used more than once except the Blank card.

4. The RLOC card initiates VLFACM execution for the B options, the Radial or Sector cards initiate
execution for the A options. All options and data must be specified prior to insertion of these
cards.

5. VLFACM "remembers" all data and options until a new Options card is encountered. Only the
data which needs changing has to be respecified before inserting another Radial or Sector card (A
options) or RLOC card (B options) to re-execute VLFACM. However, if a new Options card is
encountered, all data, i.e., Station or TLOC, MONTH, SPROB and SNPROB or THRESH, and
Radial or Sector or RLOC cards must be respecified even if they have not changed. Data from
the General card need not be respecified.
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Table 1 - General Card

Columns I Data Description I Explanation
GENERAL

Run ID (A6)

File Device (12)

Ignore Options (11)

JAM

JAM+N

S/SCON

S/S+N

blank

Jammer Latitude (F8.2)

Jammer Longitude (F8.2)

Jammer Power (F6.0)

Distance Increment (12)

Jammer Name (A4)

Noise Bandwidth (F4.0)

These columns must be coded as shown. The General card must be the first card.

The "Run ID" is provided to enable easy identification of VLFACM output. The "Run ID"
appears on all printouts and plots. It may be left blank. If the "Run ID" is set to
INPUT - then Cols. 16-17 give the file device number. This can only be done on the first
General card.

This is a file device or logical unit number of a file containing the remaining VLFACM
data cards if they are not on the standard input device. Normally these columns would be
left blank. However, this makes it possible to create a long file of VLFACM input cards
on another device and automatically read it with VLFACM.

A I in this field sets up a condition whereby the option information on succeeding General
cards will be ignored. This facilitates usage of the succeeding General cards to change
jammer, distance increment, or noise bandwidth data without necessitating the use of addi-
tional Options cards, and hence, respecification of all the other data as well. Once the
"Ignore Options" flag is set it remains in force and cannot be changed on a succeeding
General card.

This is a flag for an S/J option with a fixed receiver, a fixed jammer, and a mobile
transmitter. Option BI must first be run to compute the jammer field strength at the
receiver location. Then an A2 option may be run to compute thresholds, or an A4 option
may be run to compute time availabilities. Also, BI, B2 or B3 options may be run, in
which case the transmitter would be fixed rather than mobile. Selection of the JAM
option causes S/J values to be computed in place of S values. Therefore, S/J and S/N
values are computed.

This flag does the same thing as the JAM flag, except S/J+N values are computed rather
than S/J values.

This is a flag for an S/J option with a fixed transmitter, a fixed jammer, and a mobile
receiver. Either an Al option for thresholds or an A3 option for time availabilities may be
selected.

This flag does the same thing as the S/SCON flag, except that S/J+N values are computed
rather than S/J values.

A blank field indicates that no S/J computation will be made. Rather, S and S/N values
will be computed.

If an S/SCON or an S/S+N option has been selected, this field contains the jammer lati-
tude in degrees. Use positive values for north latitudes, negative values for south lati-
tudes. If this field is set to 99., then VLFACM will attempt to read Jammer Info cards
containing data for multiple jammers. Multiple jammers may be used with JAM,
JAM+N, S/SCON, or S/S+N options. If multiple jammers are used with the JAM or
JAM+N options, the Jammer Info cards provide jammer information for the plotting rou-
tines. However, the jammer signals are still computed by running Bl options, as stated
above in the JAM option flag explanation. One BI option must be run for each jammer to
compute jammer field strengths at the receiver location.

If an S/SCON or an S/S+N option has been selected, this field contains the jammer longi-
tude in degrees. Use positive value for east longitudes, negative values for west longitude.
If multiple jammers are used, this field specifies the number of jammers (maximum of
four) to be used. For example, if the field contains a 3., three Jammer Info cards would
immediately follow the General card giving the information for each of the three jammers.

This field specifies the jammer power in kw if a single jammer is used.

The distance increment gives the spacing in degrees between receiver locations (Al and
A3 options) or transmitter locations (A2 and A4 options) along radials from the
transmitter (Al and A3 options) or the receiver (A2 or A4 options). If left blank, the dis-
tance increment will be set to 1°. For S/SCON or S/S+N options increasing the distance
increment greatly reduces VLFACM execution time.

This four character field contains a jammer name. It may be left blank. The name appears
on all printouts and plots.

The noise bandwidth in VLFACM is nomirially I kHz. However, it may be changed by
coding this field. The noise bandwidth is given in hertz (Hz).
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Table 2 - Jammer Information Card
Columns Data Description Explanation

Jammer Info cards are used to specify jammer data for multiple jammer options. The Jam-
mer Info cards must immediately follow the General card on which the multiple jammer
option was specified. The number of cards should agree with the number coded in
columns 57-64 of the General card.

1-8 Jammer Latitude (F8.3) This field gives the jammer latitude in degrees. North latitudes are positive, south lati-
tudes are negative.

9-16 Jammer Longitude (F8.3) This field gives the jammer longitude in degrees. East longitudes are positive, west longi-
tudes are negative.

17-24 Jammer Power (F8.3) This field gives the jammer radiated power in kW.

25-28 Jammer Name This four character field contains the jammer name. It may be left blank. The name
appears on all printouts and plots.

Table 3 - Options Card

OPTIONS

Noise Option Flags (11)

A and B Option Flags

TRW Flag

BI Output Flag

B2 Output Flag

B3 Output Flag

The Options card must immediately follow the General card, or if multiple jammers are
being run, the Jammer Info cards.

Normally this column is left blank. In that case, WGL noise data is read in on file device
#49. However, special noise options may be executed in the following manner.

Col. 10 = 1 Noise values punched on two cards by the NOISLAN program may be
read in. The first card contains 24 values of median noise field strengths and the second
contains 24 values of standard deviation of the noise. This noise option is only appropriate
when the receiver is fixed, i.e. (A2, A4, BI, B2 and B3 options).

Col. 10 = 2: The CCIR noise model will be used rather than the WGL noise model.
The CCIR noise data is read in on file device #4. Also, a CCIR noise card must immedi-
ately follow the Options card specifying noise frequency (kHz) and a delta value (dB) to
be added to signal and jammer field strengths.

Col. 10 = 3: This specifies a noise only option. Instead of computing S/N, values of
N will be computed.

The A and B options are selected by putting T punches in this field as follows:
Al (fixed transmitter, specify T.A., calculate thresholds): Col. 11
A2 (fixed receiver, specify T.A., calculate thresholds): Col. 11 and 13
A3 (fixed transmitter, specify thresholds, calculate T.A.): Col. 12
A4 (fixed receiver, specify thresholds, calcualte T.A.): Cols. 12 and 13
BI (point to point, calculate mean and sigma): Col. 14
B2 (point to point, specify T.A., calculate thresholds): Col. 15
B3 (point to point, specify thresholds, calculate T.A.): Col. 16

The following additional cards are required to run A and B options.
Al: STATION MONTH SPROB SNPROB RADIAL
A2: STATION MONTH SPROB SNPROB RADIAL
A3: STATION MONTH THRESH RADIAL
A4: STATION MONTH THRESH RADIAL
BI: TLOC MONTH RLOC
B2: TLOC MONTH SPROB SNPROB RLOC
B3: TLOC MONTH THRESH RLOC

A T in this column punches cards in a special format which was used solely for a project
done for TRW. Otherwise, leave blank.

A T in this column creates an output file for BI options on device #10 which contains the
data required to run the B3PLOT program.

A T in this column creates an output file for B2 options on device #10, which contains the
data required to run the B3PLOT program.

A T in this column creates an output file for B3 options on device #10, which contains the
date required to run the B3 PLOT program.

7
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Table 3 - Options Card (Continued)

Specific Hour/Worst Hour
(12)

Path Increment (12) for B]
Outputs

Printout Skip Increment (12)

No A Option Output Flag

This field is used to select either "specific hour" or "worst hour" options. Such a selection
is only appropriate if one has selected one of the A options. If this field is left blank, an
all hours option is assumed.

Cols. 25-26 = +1 : "Worst hour" calculations will be made for S, S/J, or S/J+N in
addition to the "all hour" calculations. No computations of S/N are performed. The
SNPROB card specifies time availabilities for the "worst hour" (Al and A2 options) or the
S/N thresholds on the THRESH card specify "worst hour" thresholds (A3 and A4
options).

Cols. 25-26 = -1 : "Worst hour" calculations will be made for S/N along with "all
hour" calculations for S/N. No calculations of S, S/J or S/J+N will be performed. The
SPROB card specifies time availabilities for the "worst hour" (Al and A2 options) or the S
thresholds on the THRESH card specify "worst hour" thresholds for S/N (A3 and A4
options).

Col. 25-26 = +2 : "Specific hour" calculations will be made along with "all hour" calcu-
lations for S, S/J or S/J+N. No calculations of S/N will be made. The SNPROB card
specifies time availabilities for each "specific hour" (Al and A2 options) or the S/N thres-
holds on the THRESH card specify "specific hour" thresholds (A3 and A4 options).

Cols. 25-26 = -2 : "Specific hour" calculations will be made along with "all hour" calcula-
tions for S/N. No calculations of S, S/J, or S/J+N will be performed. The SPROB card
specifies time availabilities for the "specific hour" (Al and A2 options) or the S thresholds
on the THRESH card specify "specific hour" thresholds for S/N (A3 and A4 options).

If a "specific hour" option has been selected (+2 or -2 in Cols. 25-26), specific hour data
must be given on the SPECIFIC HOUR card immediately following the Options card. In
the event that CCIR noise in being used (2 in Col. 10), the SPECIFIC HOUR card follows
immediately after the CCIR NOISE card.

This field specifies a great circle path increment in degrees along which B] outputs will be
generated by running an Al option. If the BI output flag (T in Col. 21) is set, the B] data
will be written on device #10 and the no A option output flag (T in Col. 31) must be set.
Also, the range increment (Cols. 71-72 on the General card) must be left blank. Other-
wise, flags and data are specified just as for an Al option.

Specifying a number in this field will reduce the volume of printout for A options. For
example, if Col. 30 = 4 only every fourth bearing which is calculated will actually be
printed. The output file on device #10 is unaffected.

A T in Col. 31 will flag VLFACM to not write A option output on device #10. The A
option printed data is unaffected.

Table 4 - CCIR Noise Card

Columns Data Description Explanation
This card is needed only if the CCIR noise is being used (2 in Col. 10 of Options card).

1-10 Noise Frequency (FIO.2) This field specifies the frequency in kHz at which CCIR noise will be computed. It does
not affect the frequency at which signal or jam fields are computed.

11-20 Delta (FIO.2) This field specifies a delta in dB to add to both signal and jam field strengths to account for
a shift in frequency from 30 kHz (VLFACM maximum frequency) to a higher frequency.
Merely adding a constant to all signals is extremely crude and is meant to serve as an
interim measure until an LF program is produced which has the same capabilities as
VLFACM.

Table 5 - Specific Hour Card

Columns Data Description Explanation

This card is needed only if a 'specific hour" option has been specified (+2 or -2 in Cols.
25-26 of Options card).

1-2 Number of Hours (12) This field gives the number of different 'specific hours to be calculated (# (6).

3-20 Specific Hours (613) This field specifies the hours in GMT.

8
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Table 6 - Station Card

Columns Data Description Explanation
1-7 STATION The Station card is required for all the A options.

9-12 Station Name (A4) This four character field contains the station name. It may be left blank. For Al and A3
options it names the transmitter, and for A2 and A4 options it names the receiver. The
name appears on all printouts and plots.

14-20 Station Latitude (F7.3) This field gives the station latitude in degrees. North latitudes are positive and south lati-
tudes are negative. For Al and A3 options this is the transmitter latitude and for A2 and
A4 options this is the receiver latitude.

22-29 Station Longitude (F8.3) This field gives the station longitude in degrees. East longitudes are positive and west
longitudes are negative. For Al and A3 options this is the transmitter longitude and for
A2 and A4 options this is the receiver longitude.

31-35 Frequency (F5.1) The frequency is given in kHz. This is the frequency at which all signals and noise are
computed unless otherwise specified, i.e., the CCIR NOISE card. Care should be taken,
however, when running a JAM or JAM+N options to make sure that the jammer fre-
quency on the TLOC card and the transmitter frequency on the Station card agree.

36-45 Power (F10.) This field gives the radiated power of the transmitter in kw.

Table 7 - TLOC Card

Columns Data Description Explanation
1-4 TLOC The TLOC card is required for all the B options.

9-12 Transmitter Name (A4) This four character field contains the transmitter name. It may be left blank.

14-20 Transmitter Latitude (F7.3) This field gives the transmitter latitude in degrees. North latitudes are positive and
south latitudes are negative.

22-29 Transmitter Longitude (F8.3) This field gives the transmitter longitude in degrees. East longitudes are positive and
west longitudes are negative.

31-35 Frequency (F5.1) The frequency is given in kHz.

36-45 Power (F10.1) This field gives the radiated power of the transmitter in kw.

Table 8 - Month Card

Columns Data Description Explanation
1-5 MONTH The Month card is required for all A and B options.

9-11 Month Abbrev. (A3) This field contains the first three letters of the month, i.e., JAN, FEB, MAR, etc.

Table 9 - SPROB Card

Columns Data Description Explanation
1-5 SPROB The SPROB card is required for Al, A2, and B2 options.

9 Number of T.A.'s (11) Up to three time availabilities may be specified (Col. 9 = 1, 2, or 3). VLFACM can com-
pute three time availabilities almost as rapidly as it can compute one. Therefore, the prac-
tice has been to always specify the maximum number of time availabilities.

10-14 Ist T.A. (F5.3) This field gives the first time availability for S, S/J, or S/J+N 'all hour' predictions or
S/N 'worst hour" or 'specific hour" predictions. It is a number between 0 and 1.

15-19 2nd T.A. (F5.3) This is second time availability (0 < T.A. < 1).

20-24 3rd T.A (F5.3) This is the third time availability (0 < T.A. < 1).

9
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Table 10 - SNPROB Card

Columns Data Description Explanation
1-5 SNPROB The SNPROB card is required for Al, A2, and B2 options.

9 Number of T.A.'s (A3) Up to three time availabilities may be specified (Col. 9 = 1, 2, or 3). Practice has been to
specify the maximum of three time availabilities.

10-14 Ist T.A. (F5.3) This field gives the first time availability for S/N 'all hour' predictions or S, S/J, or
S/J+N 'worst hour" or specific hour" predictions. It is a-number between 0 and 1.

15-19 2nd T.A. (F5.3) This is the second time availability (0 < T.A. 6 1).

20-24 3rd T.A. (F5.3) This is the third time availability (0 < T.A. < 1).

Table 11 - THRESH Card

Columns Data Description Explanation
1-6 THRESH The THRESH card is required for A3, A4, and B3 options.

9 Number of Thresholds (11) Up to three thresholds may be specified (Col. 9 = 1, 2, or 3).

10-15 Ist Threshold (F6.3) This field gives the first threshold for S, S/J, or S/J+N 'all hour" predictions or S/N
'worst hour" or 'specific hour" predictions. Signal is given in dB > I j.v/m and all ratios
are given in dB.

16-21 2nd Threshold (F6.3) Same as Cols. 10-15.

22-27 3rd Threshold (F6.3) Same as Cols. 10-15.

29 Number of Thresholds (11) Up to three thresholds may be specified (Col. 29 - 1, 2, or 3).

30-35 Ist Threshold (F6.3) This field gives the first threshold for S/N 'all hour" predictions or S, S/J, or S/J+N
'worst hour" or 'specific hour' predictions. Signal is given in dB > I uv/m and all ratios
are given in dB.

36-41 2nd Threshold (F6.3) Same as Cols. 30-35.

42-47 3rd Threshold (F6.3) Same as Cols. 30-35.

Table 12 - RLOC Card

Columns Data Description Explanation
1-4 RLOC The RLOC card is required for the B options. It is the card which initiates execution of

the VLFACM program and should only be inserted after all other B option data has been
specified.

9-12 Receiver Name (A4) This four character field contains the receiver name. It may be left blank. The receiver
name appears on all printouts and plots.

14-20 Receiver Latitude (F7.3) The receiver latitude is given in degrees. North latitudes are positive and south latitudes
are negative.

22-29 Receiver Longitude (F8.3) The receiver longitude is given in degrees. East longitudes are positive and west longi-
tudes are negative.

10
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Table 13 - Radial Card

Columns Data Description Explanation

1-6 RADIAL The Radial card is required for the A options. It is the card which initiates execution of
the VLFACM program and should only be inserted after all the other A option data has
been specified.

9-11 First Bearing (13) This is the initial geographic bearing in degrees east-of-north (0°-360') of a radial starting
at the location on the Station card. For Al and A3 options, receivers will be placed along
the radials. For A2 and A4 options, transmitters will be placed along the radials.

13-15 Last Bearing (13) This is the final bearing. It is also given in degrees east-of-north. However, it must
always be larger in magnitude than the first bearing. For example, if one wished to com-
pute the northly radials from a first bearing of 270° around through the 0' bearing to a last
bearing of 90°, one would specify the last bearing as 450, i.e., (90° + 360").

17-19 First Distance (13) This is the initial starting distance in degrees. The distance increment is given in Cols.
71-72 of the General card.

21-23 Last Distance (13) This is the final distance in degrees. VLFACM will compute thresholds or time availabili-
ties along each radial at the end point of each successive distance increment until the last
distance is exceeded. There is a limit to the number of points along a radial at which com-
putations can be made (# pts. = (first dist.-last dist.)/dist. inc.+I). The normal limit is
133 points. However, if multiple jammers are used, the limit is 30 points.

25-27 Bearing Increment (13) The bearing increment gives the spacing in degrees between each successive radial. Since
bearings are specified in degrees east-of-north, incrementing the bearing computes succes-
sive radials in a clockwise direction until the last bearing is exceeded.

Table 14 - Sector Card

Columns Data Description Explanation
1-6 SECTOR The Sector card provides an alternative to the Radial card. It behaves the same way as the

Radial card in that it initiates execution of the VLFACM program for A options. The Sec-
tor card defines an area to be entirely covered by radials. It computes the parameters
specified on the Radial card and is particularly useful when the area does not contain and
is far away from the Station location.

11-20 North Boundary (F10.2) This field contains the latitude in degrees of the northern boundary of the area.

21-30 East Boundary (F10.2) This field contains the longitude in degrees of the eastern boundary of the area.

31-40 South Boundary (F1O.2) This field contains the latitude in degrees of the southern boundary of the area.

41-50 West Boundary (F1O.2) This field contains the longitude in degrees of the western boundary of the area.

Table 15 - Blank Card

Columns Data Description Explanation
1-80 Blank The Blank card terminates all VLFACM input. If it is left out, VLFACM will terminate

abnormally. It should always be the last card.

11
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VLFACM SAMPLE JOBS

The VLFACM sample jobs presented in this section illustrate the card deck structure for running
a few of the most commonly used VLFACM options. The JSL (Job Specification Language) state-
ments are peculiar to the TI/ASC. However, their counterparts would be required to run a job on
another machine. The VLFACM input shown here is, of course, valid for any machine assuming the
program has been properly converted. A sample job illustrating some of the A options is presented
first, followed by notes, and then notes for a sample job illustrating B options are given, followed by the
sample job. Printed outputs from these jobs are in Appendix A.

/ JOB HAUSFRSVLFfCMt,41C99C1lHAUSJ1,CAT=22,LOC=RTE8
/ LIMIT BAND=10,MTN=3C
/ JSLIPTS OPT=(L)( / ASG SYS.LMODUSERCAT/O154/BF6c1A(SJ1l/VLFACM/LMODUSF=SHR
/ ASG FT49FG01,USERCAT/054/B65/IAUSJ1/VLFNhIUSE=SHR
/ FO FT1OFO01,FAND=2/20/29FORG=DS
/ FD FT10FO02,BAND=2/20/2,FORG=DS
J FD FT1OF0r3,eAND=2/Z0I2,FORG=DS
/ FD FTIOFOQ49BAND=2/2O/2,FCRG=DS

4 / FD VLFPPT,EAND=2/1I/2sRCFM=FBALREC=133,5KSZ=3990
A f FXQT CPTIME=180000,OPT=(A,CKI),ADD'EM=3jKL!ST=VLFPRT

GENERAL SEROO1
T

NAA 44. 7
JUL
3 .5CO .900
3 .500 .900
000 350 010
SEROO2

T
NAA 44.7
JUL
3 .500 .900
3 .500 .900
00( 350 010
SERt93

T

9
-67.3 17.- aG0-.

.99 )

.990
150 01C

S/SsONI 64.
9

-67.3 17.8 !OJ.C

.99'C

.990
100 0'C

JAM

MIN 54. Z8.
JUL
SSBN 60. -IL.

T T
SSBN 60. -i1,.
JUL
3 .50G .900 .990
3 .50C .900 .99C
18n 270 001 g90 C10
SEROC4

T
NAA 44.7 -57.3
JUjL
3 60. 48. 30.
335 48t0 010 120 01C

/ CAT USE RCAT/D54/B60/HAUSJi/VLFACM/RUN5 /SER O;:1, ACIM=FT 100C11
/ CAT USEPCAT/D54/860/HAUSJ1/VLFACM/RUNS/SERO.. 2,ACNM=FTlOFG02
/ CAT USERCAT/D54fB5G./HAUSJI/VLFACM/RUNS/SFR0L3gACNM=FTlOF0O3
J CAT USERCAT/D54/360/H'.USJ1/VLFACM/PUNS/SEQO'4,ACNM=FT10F004
/ CAT USERCAT/D54/E60IHAUSJ1/VLF4CM/RUtJ$/VLFP;-.T, CNM=VLFPRT
/ FOSYS VLFPRT
/ EOJ

Fig. 2 - Sample A Option Job
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RADIAL
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OPTIONS
STATION
MONTH
SPROB
SNPROE
RADIAL
GENER AL
OPTIONS
STATION
MONTH
THRESH
RADIAL
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B
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9
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9
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Sample A Option Job (see Fig. 2)

Notes

(1) Assign the VLFACM load module file.

(2) Assign the WGL noise data file.

(3) Define the FORTRAN unit #10 files. Four files are written on unit #10, one file for each of the
four Radial cards.

(4) Define a file for the VLFACM printed output.

(5) Execute the VLFACM program. All the cards that follow, until the next JSL card ("C" in Col. 1)
is encountered, are defaulted to the standard FORTRAN input unit and are read by the Read
statements in VLFACM.

(6) The T in Col. 11 selects an Al option (fixed transmitter, mobile receiver). The 9 in Col. 30 lim-
its the printed output to the data from every 9th bearing which is computed.

(7) Since this is an Al option, the Station card specifies the transmitter location as 44.7° North, 67.3°
West. The frequency is 17.8 kHz and the radiated power is 1000 kw.

(8) The SPROB card specifies three time availabilities-50%, 90%, and 99%. These are signal time
availabilities for "all hours" since no jam, specific hour or worst hour options have been selected.

(9) The SNPROB card gives the signal-to-noise ratio time availabilities.

(10) The Radial card initiates execution of VLFACM. The signal and signal-to-noise ratio thresholds
are computed and written to file FT1OF001.

(11) The new General card specifies an S/SCON option and gives the jammer location as 640 North,
41° East, with a radiated power of 1000 kW. The 10 in Cols. 71-72 specifies the distance incre-
ment to be 100 This decreases the VLFACM computation time for this option by a factor of 10.

(12) An Al option is again specified. This Options card is required to follow the General card. It
interacts with the S/SCON option on the General card to generate a VLFACM run with a fixed
transmitter, a fixed jammer, and a mobile receiver.

(13) This SPROB card gives the time availabilities for signal-to-jam ratios since this is an S/SCON
option run.

(14) This Radial card initiates execution of VLFACM. Signal-to-jam and signal-to-noise ratio thres-
holds are now written to file FT1OF002.

(15) This General card selects a JAM option, i.e., a fixed receiver, a fixed jammer, and a mobile
transmitter.

(16) The T in Col. 14 selects a B1 option which must be run to compute the jam signal at the receiver
location.

(17) The TLOC card specifies the jammer location, frequency, and power.

13
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(18) The RLOC card gives the receiver location and executes the BI option.

(19) The T's in Cols. 11 and 13 specify an A2 option which must immediately follow the BI option for
a JAM run.

(20) The Station card gives the receiver location, since this is an A2 option, and the transmitter fre-
quency and power. Note that the transmitter frequency specified here agrees with the jammer fre-
quency specified on the TLOC card.

(21) Note that the month specified for the A2 option agrees with the month specified for the BI
option.

(22) The SPROB card gives signal-to-jam ratio time availabilities.

(23) This Radial card executes the A2 option. Since this is part of a JAM run, signal-to-jam and

signal-to-noise ratio thresholds are computed at the fixed receiver location as the location of the

transmitter is moved along radials from the receiver. The computed data are written to file
FTIOF003.

(24) No jam-type options are called for. All previous options are reset.

(25) The T in Col. 12 selects an A3 option, which computes time availabilities for specified signal and
signal-to-noise ratio thresholds.

(26) The Station card gives the transmitter location, frequency, and radiated power.

(27) The THRESH card specifies signal thresholds of 60, 48, and 30 dB > 1 /Xv/m, and signal-to-noise
ratio thresholds of 12, -6, and -24 dB.

(28) The Radial card executes the A3 option and writes time availability data to file FTIOF004.

(29) A blank card terminates VLFACM input.

(30) The four files written on FORTRAN unit #10 are saved for later processing by plotting programs.

(31) The printed output is both saved and printed out.

Sample B Option Job (see Fig. 3)

Notes

(1) Define a file for FORTRAN unit #10. The B option unformatted data is written to this file.
Later it may be plotted using the B3PLOT program.

(2) The T's in Cols. 14 and 21 specify a B1 option with unformatted output written on FORTRAN
unit #10.

(3) The RLOC card executes the BI option and writes one record of data to file FTIOF001.

(4) The T's in Cols. 15 and 22 specify a B2 option with unformatted output written on FORTRAN
unit #10. Note that a new General card is unnecessary since no jam options are being respecified.

14
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(5) The RLOC card executes the B2 option and writes a second record to file FT1OF001.

(6) The T's in Cols. 16 and 24 specify a B3 option with unformatted output written on FORTRAN
unit #10.

(7) The RLOC card executes the B3 option and writes a third record to file FT1OF001.

(8) A blank card terminates VLFACM input.

(9) The three records of data written to file FT1OF001 are saved for later plotting by the B3PLOT
program.

/ JOB HA'!SERtVLFACM,4lO9911 ,FAIJSjl1,CAT=5,L0C=PTE.8
/ LIMIT BtND=50,AMTN=10
/ JSLCIPTS OPT=(L)
/ ASG FT49FGOIlUSER'CAT/04/- 't/AUSJl/VLFN~l1USc=SiP
/ ASG SYS.LM0L).US-RCAT/IU54/56/HAUSJ1/VLFACS/LM,0D US---'NR
/ F0 VLFPRT bAND=2/10/2,RCFM=F8ALREC=1339BKSZ=.399t

O/ FD FT10FCC1,EAND=2/1D/2

/ FXQT cIPT=(ACsKsI)sAD0MEy=33KsLIST=VLFPRT
GENERAL SER005

© OPTIONS T T

TLOVC NSS 39.0 -76.5 23.4 5('
MONTH J'JL

3 RLCC GBAY 53.4 -60.5
O EPTTONS T r
TLOC NSS 39.0 -76.5 23.4 560.
MaNTH JUL
SPROB 3 .500 *900 .990
SNPRMB 3 .50k) .900 .99!.

5 RLOC GBAY 53.4 -6095
(6 OPTIONS T T

TLOC NSS 39.0 -76.5 23.4 50G.
MONTH JUL
THRESH 3 60. 66. 72. 3 18. Z4. 30.

© RLOC GBAY 53.4 -60.5

@ / CATY USERCAT/054/B6OIHAUSJ1/VLFACM/RUtNS/SEhO5,ACNM=rT1OFOO1
/ CATV USERCAT/D54/860/HAUSJ1/VLFACM/RUNS/SER005/VLFPRTACNM=VLFPRT
/ FOSYS VLFPPT
/ EOJ

Fig. 3 - Sample B Option Job

PLOTTING PROGRAMS

Four computer programs have been written to produce plots of VLFACM data (see Fig. 1). SEG-
CON draws a rectangular contour map of A option data computed by VLFACM. The map scale, size,
and boundaries may be varied, and land masses are automatically drawn. POLCON draws a polar con-
tour map of A option data computed by VLFACM. The map pole and orientation may be varied.
Also, the map scale and size may be changed. Land masses are drawn automatically. B3PLOT gen-
erates diurnal plots from any of the B option unformatted output data. Scale and size may be varied.
RADPLT draws plots using the A option data along a single radial, the A option data being the ordinate
and distance along the radial being the abscissa. Sample maps and plots are in Appendix B.
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CDTITNS T
OUTPUT Al

TRANSMITTER NAA
POWER =1010.OKW
FREQUENCY=17.8 K11Z

RFCEIVER LOCATIC'NS

LAT(DEG) LON(DEG)

54.7N
55. T7N
56. 7N
57.7N
58.7N
59. 7N
63 . 7N
61.7N
62.7N
63.7N
64.7N
65.7N
66.7,N
67.7N
68.7N
69.7 N
70.7N
71.7N
72.7N
73.7,N
74.7N
75. 7N
76.7N
77.7N
78.7,N
79.7N
80.7N
81.7N
8Z.7N
83.7N
84.77N
85.7,N
86.7N
87.7N
88.7N
89.7N
89.3N
88.3N
87.3N
86.33N
85.3N
84.3N

67.3W
67.3U
67. 3W
67.3W
67.3W
67. 3W
67.3W
67.3W
67.3W
67.3W
67.3W
67.3W
67.3W
67.3W
67.3W
67.3W
67..3W
67.3W
67.3W
67.3W
67.3W
67.3W
67. 3W
67.3W
67.3W
67.3W
67.3w
67.3W
67.3W
67.3W
67.3W
67.3 W
67.3W
67.3W
67.3W
67.3W

112.7E
112.7E
112. 7E
112.7E
112. 7E
112.7E

9
VLF P ?O'^GATICN STUDIFS

DB L,.VCt .XCEEfnn F0° FIXE0 PRORADTLITIES

TKANS MITTLO LItCATItCN 44.7N 67.3W

D3SThN..E

CD;'S)

1 1.0o
12.0;
13.0
14. 3
i5.C
16 * 0
17.0
18.C
19.C
20.0
21.0
22.0
23.0
24.0
25.C
26.0
27. 0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.c
39.0
40. 0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
49.0
50.t;
5 1.0r

S3DO)

P= !. 50u P= P .' 90 = 999

79.0
7 P. 0
7 .3
'4. 5
73.5
73. 2
72.9
72.6
7. 5
6q.3
67. 5
6A. 4
65.2
63.4
67.3
6f'.6
60.1
59.7
59.3
58.9
5R. 5
59.2
56.5
5h.* 
53.2
5?. 8
51.8
50.1
4.q * 4
43.0
47.6
47.3
46.9
46.6
46.3
45.9
45.6
45.3
44.9
44. 6
44.3
43.9

76. 1
7 5. 1
73.4
71.6
70.6
73.2
69. 9
69. 6
6 7. 6
66.4
64.6
6 3.4
62.3
60. 5
59. 4
57.6
57.2
56. 8
56.4
56.0
55.6
55.2
53.5
5 1.9
53 .2
4 9. 8
48. 8
47. 1
45.4
45. 0
44. 7
44.3
44.0
43. 6
43.3
4 3.0
42.6
42.3
42.0
41.6
41.3
41.0

73. 8
7 2. 8
7 1. 1
69. 3
6 3. 3
68.3
67.6
6 7. 4
65. n
63. d
61.9
60. 8
5 9. 7
5 7. 9
56. 8
65 .
54. 6
54. 2
53.8
5 3. 3
53.9
52.6
50.9
49. 2
4 7.5
4 7. 2
46. 2
44.4
42. 7
42. 4
42. 0
41.7
41. 3
41.0
43 .* 
40. 3
40. 0
3 9. 6
39.3
3 9. 0
38.7
38.3

MCOP 74(VLFACM) StCDV I

M 0NTH JUL
N3ISE 3W = 1 KH1
BE4RINf, IN G. DEG

SIN( D6 )

=% c e .90 P=V.900 P0 .990

30.4
3C.2
2 9.2
'8.2
77. 9
8.3

2 8. 4
28.3
?6.2
2 5. 1
23.5
'2. 5
21.6
20.0
1 9. 1
1 7.5
1 7.4
1 7.4
1 7.3
17.3
1 7.2
1 6.4
15.1
13.8
12.5
12.4
11.3

7.1
6.3
5.6
4.8
4. 1
3.4
2 .6
1 .9
1. 5
1.3
1.0
0.8
0.6
0.5

24.7
24. S
23.5
22.6
22. 3
22 . 7
22.8
22.7
20.4
19. 3
17.6
i6. 7
15. 7
14.1
13.1
1 1.5
11.5
1 1.7
11.9
12.1
12.2
I 1. 
10.4
9.2
7.9
8.0
6.8
4. 7
2.6
1.8
1.0
0.2

-0.7
-1. 5
-2.4
-3. 2
-3. 4
-3 .4
-3. 4
-3.6
-3.8
-4.0

20.1
2C-C
19.1
28.2
18.4

18.5
18.4
16.1

13.5
12.5
11. 6
10.0
9.0
7.4
7.5
7.7
8.0
8.2
8. 4
7.8
6.7
5.5
4.3
4.4
3.2
1. 1

-1. 1
-1.9
-2. 7
-3. 5
-4.4
-5.2
-6. 1
-7. 0
-7. 2
-7.1
-7. 2
-7. 3
-7.5
-7.9

00

0

C

Ln

3
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VLF PROPAGATION STUDIES

Db LEVEL EXCEEOEfl fOR FIXED PROBABILITIES

TRANSMITTER NAA
POWER =1% 0.0KW
FPEQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LON(DEG)

83.3N
82.3N
81.34N
83.3N
?9.33N
78.3N
77. 31
76.33N
75.3N
74.33N
73.3N
72.3N
71.33N
73.3N
69.3N
68.3N
67.3N
66.3N
65.3N
64.3N
63.3N
62.3N
61.3 N
f0.3 N
59.3N
59.3,N
57.3N
56.3N
55.33N
54.3N
53. 3N
r2. 3N
51 .3 N
50.3N
49.33N
48.3 N
47.3N
46. 3N
45.3N
44 .3 4
43.33N
4,.3 N

112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7E
112.7r
112.7E
112.7E
li2.7E
112.7E
112 .7E
112.70
112 .78112.7E
112.7E
112.7E
112.7E
112.78
112.7E
112.7E
112.7E
1l2.7E
1.2.7E
112.7E
112.7.
1'12.7E
112.7E
1;2.7r
1l2Z.7E

1!2.7E112.7011i2 . 7 
112.70
1 2.78
112.70E

TRANSMITTER LOCATION 44.7N 67.3W

D'STtNCE

(DE5)

52 .r
53.0
54.0
55 .* 
56.0
57 0

59.0
60.0
61. 0
62. 9
63. 0
64.0
65.0
66.0
67.C
68.Q'
o,9 . O
70. C
71.A^
72 .C
73.c

75.0
76.0
77. C
78.0
79.G

8 1. o
G2. 0
83. C
34.0

86. 6
7.0

88.0
39.0
9 l.
91.C
92*2.
93..

S( De)

P=0.500 P=0.900 P=0.990

43.6
43.3
43.0
42 .6
4?.3
4?.0
41.7
41.4
39.7
30.7
37.3
36.1
3 4. 5
3?. 8
31.2
30.e
L9.3
2 9. S
27. 0
67.4

25.7
2 5 . 725.0
24.3
2 3.6

21.5
2^.8

19.4
1".7
1'. 9
17.2
16.9

11. 9O

1 6.59

16. 1
15. 7

'5.4

4.6
4 . 3

4 3 .7
40. 3
4 0. 340.0
39.7
39.4
3 9. 1
38.8
3 8.4
3 6. 8
35.8
3 4. 3
33.2
3 3. 231 . 5
79. 9
28.2
27.0
26.3
2 5. 6
2 4. 9
2S .2
2 3. 5
2 2.7
2 1.9
21.2

19 .31 9.81

1 7 . 617.6
1 6.9
16. 2
1 5.j
14.7
14.0
1 3. 5
1 3. 2
1 2. 8
1 2.4
12.0
11.6
1 1. 2
13.9

3 9 . 0
37.7
3 7. 4
3 7. 1
3 6. 8
36. 5
3 6. 2
35.9
34. 2
33.2
32. 3
30.6
2 '9. )
2 7. 3
2 5. 7
Z4. 5
23.8
2 3. 1
22. 4

l1.3
201. 9
20. 1
1 9.2
10.5
1 7. 9
17. 7
16.3
1 5. 6
1 4. 9
14.2
1 3. 5
1 2. 3
1 2. 1
1 1. 4
10.7
10. 3

9. 9
9. 5
9. 1
8. 7
q.4
3.31

NCPP 74(VLFACM)SFRO01

MONTH JUL
NOISE 8W = 1 KHZ
BEARING = 0. DEG

SZN(D8)

P=0.500 P=0.900 P=0.990

0.3
0.1

-0.1
-0 .3
-0. 8
-1.6
-2 . 3
-3.0
-5. 1
-5.3
-6. 7
-8. 8

-10.9
-1 3. 0
-15. 3
-17.4
-19. 0
-20. 5
-2 2.1
-' 3.7
-25. 3
-26. 9
-'8.4
-30. 0
-31.1
-32 .0
-32.8R
-33. 7
-34.6
-35.5
-36. 5
-37.4
-38. 3
-39. 2
-39.6
-39. 9
-40. 2
-4J. 5
-40. 8
-40. 9
-41. 2
-41. 5

-4. 3
-4. 7
-5.2
-5 .6
-6.3
-7. 1
-7.9
-8.7

-10.8
-10. 9
-12.4
-14.5
-16.7
-18.8
-21.4
-23.6
-25. 4
-27. 2
-29.n
-30.9
-32. 7
-34. 5
-36 .4
-38. 3
-39. 4
-40 .4
-41.3
-42. 3
-4 3.2
-44 . 1
-45. 1
-46.9l
-46. 9
-47. 9
-48.2
-48.4
-48. 6
-48.8
-49.0
-49.0
-49. 2
-49 .4

-8.3
-8. 8
-9. 3
-9.9

-10.6
-11.4
-12 .2
-13. 1
-15.2
-15.3
-16. 8
-19.0
-21.2
-23.3
-26.0 
-Z8.5
-30. 4
-32. 4
-34. 4
-36. 4
-38. 5
-40 .5
-42. 6
-44 .6
-45. 8
-46.8
-47. 8
-48. 7
-49. 7
-5'3.6
-51.6
-52 .5
-53.5
-54. 5
-54 .8
-54. 9
-5 50
-55. 1
-55.2
-55.3
-55. 4
-55.5

(IJT,3fltytlpKif

PDTIONS T
OUTPUT 41

'IO

z

10

00

0I



VLF POODAGATIO1N STUDTFS NCrPP 74(VLF'C4)SER0O1

D[L L VLL -XC EDCD 'CfR FIKXED PP(!IiVAIL!TIES

TRANSOITTER NAD,
POWER =iouC.0KW
FREQUENCY=17.8 KH.

RFCEIVER LOCATIONS

LGT(DEG) LON(OFG)

O
41. 3N
43.3N
39.3N
38.33N
37.3N
36.3N
35.3N

112.7E
112 .7E
112.7E
112.7E
112.7E
112.7E
112.7E

TRANSPITTEP LICATIMN 44.7N 67.3W

SC 0B)

P= O. 500 P= 0. 900

OIST ANC E(D' )

94.0
9 5 .(
96.0
97. v98 .* '
99. 0

ICe.G

* 3. 9
13.5
1 3.2

12. 8
12.4
12. 1
11. 7

10.5
10.1
9.7
9. 3
8.9
8. 5
S. 1

P= O. 990

7.6
7.2
6. 8
6. 4
6. 3
5. 6
5. 2

MONTH JUL
NOISE SW = I KHt
BEARING = 0. DEG

S/ N( D3)

P=O.SO0 P=O.900 P=0.990

-41. 8
-42.1
-42. 4
-42. 7
-43.0
-43. 3
-43. 6

-49.6
-49. 8
-O.o
-50.2
-50.4
-50.6
- 50. 9

-55. 7
-55. 8
-55.9
-56.0
-5 6.1
-56.2
-56. 3

'PTI 3NS T
OUTPUT tA

9

10

C

z

10



VLF PROPAGATTON STUDIES

DS LEVEL EXCEEDEn FOlP FIXED PROB8AILITIES

TRANSMITTER LOCATION 44.7N 67.3W

DISTANCE

CDEG)

l0.C
11.0
12.0
13.0
14.Q
15.0
16.0
i7. C
18.0
19.0
20.e
21.0
22.0
23.0
24.0
25.0
26'.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
49.0
50.0
51.0

S (Co)

P=0. 503 P=0.9u0 P=0.990

81. 2
80.6
80.1
79.7
79.4
79.0
78.8
78.5
78.0
77.6
77. 1
76.7
76.2
75.8
75.3
74.9
74.5
74. 1
73.6
73.2
72. 8
72.4
7?.0
71.6
71.2
7r. 8

* 5
70.1
69. 8
69.4
69.1
68.7
68.4
68.0
67. 7
67.4
67. 1
66.7
66.3
6 s.9
6s. 6
65.2

78.3
77.7
77. 2
76. 8
76.4
76. 1
75.8
75.6
75.0
74.5
74. 1
73.6
73. 1
72.7
72.3
71.8
71.3
70.9
70.5
70.1
69.7
69.3
68.9
63.5
68.1
67.6
67.2
66.8
66. 4
65.1
65.7
65. 4
65.31
64.6
64.3
63.9
63.6
63-1
62.7
62.3
61. 9
61.5

75.8
75.3
74. 8
74. 4
74.1
73. 7
73. 3
73.1
72.2
71. 7
71.2
70.8
70. 3
69.9
69.4
69. 0
68.4
68.0
67.6
67.2
66. 8
66. 4
65. 9
65.5
65. 1
64. 7
64.1
63. 7
63. 3
63 .1
52.6
62. 3
61. 9
61.5
61. 1
60. 7
60.3
59. 7
59.3
58. 9
58. 4
58. 0

NCPP 74(VLFACI)SEROD1

MONTH JUL
NOISE 8W = 1 KHZ
8EAR[NG = 90. DEG

S/N( 08)

P=0.500 P=3.900 P=0.990

30.8
30.5
30.3
30.1
29.9
29.7
29.7
29.6
29.3
29.0
28.7
28.4
28.2
77.5
27.3
27.1
7.-0

26.8
26.6
26.4
26.1
25.8
25.5
75.2
24.9
24.6
24.3
24.0
23.7
23.2
22.8
22.3
21.9
21.4
21. 0
30.5
19.8
19.1
18.3
17. S
16.9
16.2

25.6
25.4
25.1
25.0
24.8
24.7
24.5
24.5
24.0
23.7
23.4
23.1
23.0
22 .3
22.2
22.1
21.9
21.8
21.7
21.5
21.2
21.0
20.7
20.4
20.2
19.9
19.5
19.2
18.9
18.5
18.0
17.6
17.2
16.7
16.2
15.7
14.9
14.3
13.1?
12.1
11.3
10.4

21.4
21.1
20.9
2C-7
20.6
20.5
20 . 3
20.3
19.4
19.1
18.8
18.6
18.5
17.8
17.7
17.7
17.5
17.5
17.4
17.2
17.0
16.8
16.5
16.3
16.0
15.7
15.3
15.1
14.7
14.3
13.9
13.5
13.1
12.7
12.2
11.7
10.9
9.7
8.7
7.7
6.7
5.7

flT ]TCt! 1Mfln

9OPTIONS T
OUTPUT Al

TRANS'4ITTER NAA
POWER =1000.?KW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LON(DEG)

43. 8N
43.7N
43.5N
43.3N
43.DN
42.8N
42.5N
42.3h
42. ON
41.7N
41.44N
41.0N
40.7,N
4j. 4N
40. ON
39.6N
39. 2N
38.8N
38.4N
38.ON
37.5N
37.1N
36.6N
36.2,N
35.7N
35.2N
34.7N
34.2N
33.7N
33.1N
32.6N
32.1N
31. 5N
31. ON
30.4N
29. 8N
29.2N
28.7N
28.1N
27.5N
25.9N
26. 3N

53.4W
52.0bi
50.7W
49.3W
48.OW
46.6W
45.3W
44.!W
42.7W
41.5W
4D. 2W
38.9W
37.7W
36.55W
35.2w
34.0W
32. 8W
31.7W
30.5W
29.44W
28.21
27.1W
26. OW
24.9W
23.8W
22.7UT
21.7W
20.6W
19.6W
18.6W
17.6W
16.6W
15.6W
14.61
13.7W
12. 7W
11.8W
10.8W
9.9W
9.q1
8.1W
7.2W

10



OPTIONS T
OUTPUT Al

TRANSMITTER NAA
POWER =1000.OKW
FREUUENCY=17.8 KH7

RECEIVER LOCATIONS

LOT(OEG) LON(DEG)

25.7N
25.0N
24.4N
23.8N
23.2N
22.5N
21.9N
21.2N
23.6N
19.9N
19.3N
18.6N
18.ON
17.3N
16.6N
16. ON
15.3N
14.6N
13.9N
13.2N
12. 6N
11.9N
11.2N
10.5N
9.8N
9.1N
8.4N
7.7N
7.ON
6.3N
5.6N
4.9N
4.2N
3.5 N
2.8N
2.1N
1.4N
0. 7N
O.ON
G.7S
1.4S
2.1S

6.3W
5.5W
4.61W
3.8W
2.9W
2.1IW
1.2W
0.4W
D.4E
1.2E
2.OE
2.8E
3.6E
4.4E
5.1E
5.9E
6.7E
7.4E
8.2E
8.9E
9. 7E

1D .4E
11.2E
11.9E
12.7E
13.4E
14. 1E
14.8E
15 .6E
16.3E
17.9E
17.7E
18.4E
19.1E
19.9E
20.6£
21.3E
22.OE
22.7E
23.42
24.1E
24.8E

9
VLF PQROAGATTON STUDIES

D8 LEVEL [XCEEnEO FOR FIXED PROBABTLTTIES

TRANSMITTER LOCATION '4.7N 67.3W

DISTANCE

(DE( 3 )

52.0
53.0
54. 0
55.0
56. C
57. 0
58 .0
59.0
60 .0
61.0
62.0
63.0
64.0
65.0
65.n
67.0
68.0
69.G
70.0
71.0
72.0
73.0
74. 0
75.0
7s.r
77 .0
78.C
79.(
80.0
81.0
82 .C
83.0
84.
85 .
86.0
87.0
88 .c
89.0
90.0
91. 0'
92.2
93. C

S(0D)

P=L.50, P=0.900 P=0.990

64.9
64.4
64. 1
63.7
63.3
63.0
62.6
62.2
61 .9
61.6
61.2
69.8
50.4
69.1
59.7
59.4
59.0
5S.7
5 9. 3
509. 058.0

57.6
57.3
56.9
56.6
56.3
55.9
55.6
55.3
54.9
54.6
54.3
59.9
59.6

52.6
52.3
52.0
51.7
51.4
5 1. 1
Sn. 8

61.1
6C - 7
60. 3
59. 9
59.5
5 9. 1
58.7
58.3
57.9
57.5
57.1
55.0
55.6
55.3
54.9
54.5
54.1
53.8
53.4
53.0
52.6
52.2
51.8
5 1. 5
5 1. 1
50.7
56.4
50.0
49.7
49. 3
48.9
48.6
48.?
47.9
47.5
47.1
46.7
46.4
46.0
45.7
45.3
45.0

57.6
57.1
56.7
56. 3
55. 9
55.5
55.0
54.6
54 .31
53.6
53.2
5 1.5
5 1. 1
50. 7
59.3
5 0. 0
49. 6
49.2
48.8
48.4
48.)
47.5
47. 1
46. 7
46.4
46. 0
45.5
45.2
44. 8
44.4
44.31
43. 7
43. 3
42.9
42.5
42. 2
=1 * 7
41.4
41.0
40.5
431.3
39.9

NCPP 74(VLFACM)SEROOI

WONTH JUL
NOISE 8t = 1 KHZ
BEARING = 9Q. DEG

S/N(D9)

P=1.500 P=U.900 P=0.990

15.5
14.8
14.1
13.4
12.7
12.1
11.4
1 0. 7
10.1
9.4
8.9
8.3
7.7
7.2
6.6
6.0
5.3
4.8
4.5
3.8
3.1
2.4
1.S
1.1
0.6
0.4
0.3
0.0n

-0.2
-0.4
-0.7
-0. 9
-1.2
-1.5
-1.8
-2. c
-2.2
-2.4
-2.6
-Z. 5
-2.4
-2.3

9.5
8.7
7.0
7.0
6.2
5.4
4.6
3.83
2.9
2.2
1.6
0.6
0.0

-0.6
-1.2
-1.9
-2.6
-3.3
-3.5
-4.3
-5.1
-5.9
-6.6
-7.3
-7.9
-8.0
-8.1
-8.2
-8.4
-8.6
-8.8
-9.1
-9. 4
-9.3

-10. 1
-10.4
-10.6
-10.8
-11.1
-le.9
-10.7
-10. 5

4.8
3.8
2.9
2.0
;.1
0.2

-0.7
-1.6
-2.6
-3.4
-4.0
-5.4
-6.0
-6.7
-7.3
-8.0
-8. 8
-9.5
-9.8

-1 0.6
-1i.5
-12.5
-13.3
-14. LI
-14. 6
-14.6
-14.6
-14. 7
-14. 8
-15.0
-15. 2
-1 5.5
-15.8
-16.2
-16. 5
-16. 8
-17.1
-17.3
-17.6
-17.3
-17.0
-16. 7

cjn

~o

0
,:2

z
cU
Pr
10



VLe PRtiPAGATION STUDIES NCPP 74(VLFACM)SERO01

D1I LFVEL -XCEEOEe FO1R FIXED PROFlABTLTTtHS

TRANSMITTER N^A
POWER =1000.0KW
FPEQUFNCY=!7.d KH Z

RECEIVER L*CATIINS

LAT(CDE) LON(DEO)

2.8s
3.5S
4.2S
4.9s
5.6S
6.3S7-. S

25. 5E
26.3E
27. OE
27.7E
28.4E
29. 1E
29.8E

TRANSP:ITTER L3CATION 44.7N 67. 3W

DISTANCE

(DEG)

94. 0
95.0
96.U
97. 3
98.0
99. 0

100. )

SCDP)

P=U.50° P=0. 910

50.1
4a.8
49.5
49. 2
49. 9
4R.5

44.6
44.3
4 .0
43.6
43.3
42.9
42.6

P= j. 990

39.6
39. 2
38. 3
38.5
38. 1
37.3
37. 4

MONTH JUL
NtISE B4Y = I K'11
BEARING = 90. DEG

S. /N( DQ)

P=O. t 0 p=3 .9l2 P=0.99n

-2.2
-2.1
-2.0
-1.9
-1.8
-1.7
-1.6

-10. 3
-10. 1
-9.9
-9. ?
-9.5
-9.3
-9.1I

alVIT,!SCY Mn

OPTIONS T
OUTPUT Al

z
;o
10

10

00

00-16.4
-16.2
-15.9
-15.6
-15.3
-15.0
-14. 8



(O TIONS T
OUTPUT Al

9
VLF PRIOAGAT11N STUDIES NCPP 74(VLFACM)SEROOI

n8 LEVEL EXCE0E0) FOR FIXED PR0BABILITIES

TRANSMITTER LOCATION 44.77N 67.3W

DISTANCE

(DEG)

67.3W
67.3W
67.33W
67.31
67.3W
67.31
67. 3W
67.3W
67.3W
67.3o1
67.3J
67.31W
67. 3W
67.3W
67. 3W
67.33W
67.3W
67. 3W
67.314
67.3W
67.3W
67.3W
67. 3W
67. 3W
67.3W
67.3W
67.3W
67.3W
67.3W
67. ?W
67.3W1
67.3W
67.3W
67.3W
67.3W
67.3W
67.3W4
67.3W
67.3W
67.3 W
67.3W
67. 3W

10.0
11.0
i2. P
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.Q
22 . 0
23.0
Z4.C
25.0
26.0
27.0
28. 0
29.0
30.0
31. 0
32.0
33. 0
3 4. 0
35.0
36.0
37 .(
38.0
39. C
40 .0
41.0
42.0
43. *-

44. 0
45. 0
46.r
47.0
48.-
49.1c
50.0
51. C

S(08)

P=S.500 P=0. 900 P=0. 990

81.0
80l.4
79.9
79.5
7 9. 1
7 S. 7
73.4
78.1
77.7
77. 2
76. 6
76.1
75.6
7 5. 3
74.5

743.0

73.1)
72.6
72. 1
71.6
71. 1
7n. 6
70.2
69. 7
69.2
68. 6
63.1
67. 7
6 7. 2
66.8
66.3
6 '. 8
66. 3
6 4. 9
6 4. 4
63.9
6 3. 5
63.?
67. 6
6 2. 1
61.6

78.1
7 7.4
76.9
76.4
76. 0
75.7
75.3
75.0
74.5
74.0
73.4
72.8
72.2
71.6
71.0
70.5
69.9
69.3
68. 7
68.2
67.6
67.0
66.4
6 5. 9
65.3
64.0
63.4
62.9
62. 4
61. 8
61.2
60. 7
60.2
59. 6
59.1
5S8.6
5 8. 1
57.6
57.1
56.6
56. 1
55.6

75.4
74. 6
74. 1
73.6
73. 3
72 .9
72. 6
72. 3
71.5
70.9
70. 3
69. 7
69.0
68. 4
6 7. 3
67.2
66. 6
66. )
65. 4
64. 8
64. 2
63.6
63. 0
62 - 4
61. 8
5 9. 8
59. 2
58. 6
S 8. 1
5 7. 5
56. 9
56.4
5 5. 9
55. 4
54. 9
54. 4
53. 8
53. 3
52. 5
52. 3
51. 8
51. 3

M(NTH JUL
NOISE 8W = I KHZ
8EARING = 180. DEG

S/N(DB)

P=fl.500 P=o.900 P=O.990

25.3
24.6
'3.9
23.3
22.8
'2.3
22.0
21.7
21.2
70.7
2C.2
19.6
19.0
18.5
18.0
17.4
16.9
16.4
15.9
15.4
14.6
14.1
13.6
t3.2
12.7
12.2
1.e

11.5
11.2
10.9
10.6
10.3

9.7
9.4
9.1
9. Q
9.0
8.9
8.8
8.7
8.7

19.3
18.6
17.9
17.3
16.8
16.3
16.0
15.7
15.1
14.5
13. t
13.4
12.8
12.2
11.7
11.1
10.5
9.8
9.2
8.6
7.7
7.1
6.5
5.9
5.3
4.3
4."
3.7
3. 4
3.I
2.8
2.6
2.3
2.1
1.8
1.6
1.5
1. 5
1.4
1.4
1.3
1.2

14.5
13.6
13.0
12.4
11.9
11.4
11.1
10.8
lC.c
9.5
8.9
8.3
7.7
7.1
6.5
5.9
5.2
4.6
3.9
3.2
2.1
1.4
C.8
0.1

-0.6
-2.0
-2.3
-2.5
-2.7
-3.0
-3.3
-3.5
-3.7
-3.9
-4.1
-4.3
-4.3
-4.3
-4.4
-4.4
-4.5
-4.5

TRANSMITTER NAA
POWER =1000.OKW
FREQUFNCY=17.8 KHZ

RFCFIVER LOCATIONS

LAT(DEG) LON(DEG)

34. 7N
33.7N
32. TN
31.7TN
30.7N
29. 7N
28.7N
27.7N
26. TN
25. TN
24.7N
23. 7N
22.7N
21.7N
20. 7N
19.7N
18.7N
17. 7N
16.7N
15.7N
14.7N
13.7N
12.7N
11.7N
13.7N

9.7N
8.7N
7.7N
6.7N
5.7,N
S.7N
3.7N
2.7N
1.7N
0.7N
0. 35
1.3S
2.3S
3. 3S
4.3S
5 . 3S
6. 3S

t10
F.
F.



VLF PROPAGATION STUDIES

Db LFVEL EXC1[DLfn FOR FIKED PRW1ABILITILS

NCPP 74(VLFACM)SERCP'

TRANSMITTER NAA
POWER =1000.r:KW
FRREQUENCY=17.8 iCH1

67.314
67.3W
67.3W
67.3W
67.3w
67.31W
67.3w
67.3w
67.31
67.31
67.31W
67.3W
67.3W
67.3W
67.3W
67.3X
67.3w
67.314
67.33W
67.31W
67.3W
67.3W
67.3W
67.3w
67.31
67.31w
67.3W
67.3V
67.3w
67.3w
67. 3W
67.31w
67. 3W
67.3W
67.3W
67.33W
67.34
67.31w
67.3W
67.3W
67.3w
67.3W

TRPASMITT7R LOCATION 44.7N 67.3W

DISTANCE

(DEG)

52.0
53.C0
54.0
5 5. 0
56.0
57.0J
58. C
59.C
60.0
61.C
62 .e
63 . 0
64. 0
6 5 * C:

66.0
67.0
58 .t
S9.C
70.0

72.0
73.1
74.0)
75.0
76. 1
77 .C
78.5
79.0

32.e
63.0
84. 0
35.0
86.'
87.0
88.0
b9. 0
90.0
91. 0
92 . C
93.C

S(OB)

P- .. 50 P= .90c 0 =,,.99L

61.2
6n.7
60.3
5 9.8
59.4
5.9
58. 5
5p.n
57.6
57.1
56.7
56. 2
5'.8
55.3
54.9
54.4
54.0
53.6
53. 1
52.7
52.2
51.8
51.3
50.9
5 ̂ . 5
5 0. 1
49.6
49. 2
48.7
4P. 3
47.9
47.4
4'. 0
46. 5
4 6.1
4. 7
45.2
44 .8
44.4
44. )
4'.6
4 3. 1

5 5. 1
54.6
54.1
53.6
53.1
52.7
52.2
51.7
51.2
50.7
5 1.3
49. 8
49. 3
48.9
48.4
47. 9
47.5
47. 0
46.6
46.1
45.7
45. 7
44. d
44. 3
43.8
43. 3
42. 9
42. 4
42.0
41.5
41. 1
43.7
40. 2
39.8
39.4
38.9
39. 5
38 .1
37.6
37. 3
36.8
36.4

so. a
5 0.3
49. 8
49. 4
413.9
48. 4
47. 9
47.4
46. 9
46. 5
46.0
45. 5
45. 0
44. 5
44. 1
43. 6
43. 1
42.7
42. 2
41. 8
41. 3
40. 9
41. 4
40. 0
39. 5
39. 0
38.6
38. 1
37. 7
37. 3
36. 3
36.4
35. 9
35. 5
35.1
34. 6
34. 2
33.f4
33. 3
33. 0:
3? . 5
32. 1

MONTH JUL
NOISE EW = i KHZ
BEAR!NG = 130. DEG

S/N( OR)

P=1.5O P=0.900 P=0.990

8.6
8.5
8.5
8. 4
8.4
8.4
8.4
8.4
8.3
8. 3
8.3
8.3
8.3
8.3
8.0
7.8
7.6
7. 3
7. 1
6.9
6.7
6.5
6.2
6.0
5.8
5.6
5.4
5.2
5. 1
4.9
4.7
4.5
4.3
4.1
3.9
3.6
3. 4
3 .i
2.5
2.3
2.1
1. 9

1.2
1. 1
1.0
1.0
0.9
0. 9

0. 8
0 3
0.7
0.7
0.6
0.5
0.4
0.1

-0.2
-0.4
-0.7

-1. 7
-1. 5
-1.7
-2. 2
-2. 2
-2.4
-2. 7
-2.q
-3.1
-3. 3
-3.5
-3. 7
-4.0
-4.2
-4. 
-4.6
-4. 8
-5.

-6.0
-6.1
-6. 3
-6. 5

-4. 5
-4. 6
-4. 6
-4. 7
-4. 7
-4. 7
-4. 8
-4. 8
-4.6
-4. 7
-4. 7
-4. 8
-4. 8
-4. 9
-5. 2
-5.5
-5. 7
-6.0
-6.3
-6. 5
-6. 8
-7.G2
-7. 3
-7. 5
-7.8
-8.0
-8.2
-8.4
-8. 6
-8.8
-9. 0
-9. 3
-9. 5
-9. 7
-9.9

-10. 1
-10. 3
-10.5
-11. 3
-11.4
-11.6
-11.8

i11 4 I t C wiI mn

PPT IONS T
OUTPUT Al

9

RECEIVER LOCATIONS

LAT(DEtj) LOtNDEG)

7.35
B.3S
9.3S

10.3S
11.3S
12.3S
13.3S
14.3S
15.3S
16.3S
17.3 S
18.3S
19.3S
23.3S

21.3S
22. 3S
23.3S
24.3S
25.3S
26.35
27.35
28.3S
29.3S
30.3S
31.3S
32.3S
33.3S
34.3S
35.3S
36.35
37.3S
38. 3S
39.3S
40.3S
41.3S
42.3S
43.3S
44.35
45.35
46.3S
47.3S
48.3S

z

tF.
1o

x

0
00



OPTIONS T
MUTPUT P 1 VLF P'OOAGATIflN STUDIES NCPP 74(VLFACM!)SEP001

DP LEVtL EXCE0ETO FOR FIX_0 PR53ABILTTIES

TRANSMITTER NPA
POWER =1000.OKW
FREQIJFNCY=17.8 KHZ

RECFIVER LOCATIONS

LATCOES) LMN1(D-c.-)

49.3S
50.3S
51.3S
52.3S
53.3S
54. 3S
55.3S

67. 3W
67.3W
67. 3W
67. 31
67.3W
67. 3W
67. 31

TRANSMITTLP LDOCATICN 44. 7N 67. 3W

DISTANCE

(occ )

94. 0
95. 0
96.e)
97. 0
98 . 0
99. C

100. 0

4?. 7
4?. 3
42 .1
4 1.6
41.2
4n *. 7
4Vm* 3

5(08)

36.0
3 5.6
35 .'
3 4.9

3 4 . S34.5
33.7

MYNTri JUL
NiSt 6W1 = 1 KHZ
iEA4RING = 130. DEG

S/NtDh )

p=o. 99.3

31. 7
31. 3
313. 9
30.6
3C. 2
*l. 3
Z9.4

P=n . 00 e =o.9o: P=..990

1.7
1.5
1.3
1.1
0. 9
C.5
0.2

-6. 7
-6.9
-7.1
-7.3
-7. 5
-7.9
-8. 1

tl.3
0CN

co

;o

10

0

zPR

0F.~
F.

-12.C
-12.1
-1-1.3
-12. 5
-12. 3
-13 * 0
-13.3

P='C. 5n- P= 0.900



VL- PP3r'AGTATIN CTIJ)TFS

C Lr.' F XLEE 'C'R FIY)'C PYr)A3lLTTltS

NCPO 74( VLFACm') SPlCC 1

TRANS4!TTF R JAa
Dr1<OE'J =I 7.3 VI'Kw
Fk-QUo'CcY=-7.8 V111 TR13NSIITTtYl LICATION 44. 7N 67. 3W

IrJ;T l JUL
NIISt 4J = 1 KV!

CARrtlGv = 270. .LG

RFCFIVel LJCAT, )it

LAT(CI-0,) LON(n;e-r)

43. 8N
43.7N
43. 5N
43. 3N
43.DON
42. 8N
42. SN
42.3N
42. ON
4 1. 7f1
41. 4N
41.ON
40.7N
40.4N
40. 'N
39. 6N
39. 2N
38. 8N
38.4N
33.0N
37. SN
37. IN
36.6N
36. 2N
35.7N
35.2N
34. 7N
34. 2N
33.7N
' 3. 1N
32.6N
32.1N
31. 5N
31. CN
30.4N
29. 8N
29.2N
28.7N
28.1N
?7.5N
76.9N
26.3,N

8i. 21w
82.6W
.33. 94
85. 3W
86.6Aw
88. ow
89.31W
9C.6W
91.94

93. 1W
94.4W
95. 7U
96.9w4
98.1w
99. 4W

100 . 6w
101.8W
102. 914
104. IW
105.2W
16. 4W
107.5W
108 .6W
109. 7W
1 10. 8W
111.9W
112.9W
1i4. OW
115.0w
116.W
117.014
118.0W
11g.r 14
120.0O1
120.9W
1 21. 9v
122 .8W
1 23.8U
124.7W
125 .6W
126.5W
127.4W

fl3J3T tCC llW M

7'PT I MNS T
,Ur'lJT Al

S ( A ! ) S/ N( D
5

)DIST ANC.

10. )

1 2 *r'
I1I. Cl

14. 'J

15 * C
16.0
1 7. 0
18.1?
19.0

21.0

23.0

2 5. 0
26.0

28.0
29.0
JO."
3 1. 0
32 .0
33 .e
34. 0
35. 0
36.r
37.?
38.0
39.r
40.0
41.0
42 .* 1
43. 0
44.0
45.r
46.0
47.C
48 .e
49. 0
50.0
51.C

7'.5
79. 9
7Q.4

7q. 4
7P.10
77.7
77. 4
76 .9
7 6. 3
7r. 7
7Srl. 2
7 4. 6
7 4. 1

73. ?
7 ?. 572 .5f77.r,
7 1 . 57 1.5071.0

71. 1
79.1
69.1
6P. 6
6R. 1
67.7
6. 2
66.8
6 6.3
6 5 . 9
6 5. 5
65.2
64 . 8
64.4
64.1
6 3.7
6'. 3
63 .1
6 2.7
6?.3
62.0

7 7. 6
77.0
76.4
75.9
7 S. 5
75.1
74.7
74. 4
73 . 7
73.2
72.6
7 2. 1
7 1. 5
7 1. 0
73 .5
69.9
6 9. 3
6 3.8
68.3
67.8
6 7.3
6 6 . 8
66. 3
65.8
655.3
64.8
64.2
63. 7
6 3. 2
62. 8
6 2. 3
61. 9
61.5
61. i
6 0. 7
63.3
5 9.9
5 9. 5
59.1
58.7
5 8. 3
57.9

75. 1
74. 5
74. -3
7 3. 5
7 3. 1
7? . 7
72. 2
7 1. 9
7 . 8
70). 3
69.7
S 9. I
5 8. 6
639. .
67.5
67.1?
66. 3
65. 8
6 5. 3
64. 8
64. 2
6 3. 7
6 3. 2
62. 7
62. 1
61.6
61 .0
0 .5

60. 0
5 9.5
5 9. 0
5 8. 6
5 8. 2
5 7. 8
5 7. 4
5 7. )
56. 6
56. 2
55 . 7
55. 3
54.9
, 4.5

z
Fo

10

0
-1i
00

0

?3.9
?3. 1
'2.3
21.6
20.9
? 3.3
19.7
1 9. 2
I .4
17.7
17. 1
1 5.3
15.6
1 4.9
1 4. .
1 3.8
13.5
13.2
12.9
1 2. 7
1 2 .4
1 2.1
1 1 .9
1 1.7
1 1 . 7

1.5
12.e
1 2. 2
12 .)
12.4
12.6
12.7
1 2.9
13.0
13.2
13.3
13.4
1 3.4
1 3. 5
13.6
13.7

16.6
16.r
15 .1
14. 3
13.6
12.9
12. I
11.7
1n.8
10.1
9.4
3.6
7.9
7.2
6 .r
6.0
5.7
5.3
5.0
4.7
4.4
4.)
3. 7
3 .4
3.5
3.8
4 .0
4.2
4. 5
4.7
5. 0
5. 3
5.6
5 .9
6. 2
6.4
6. 5
6. 9
7. 1
7.3
7. 5
7.6

10. 6
1 .2
9.3
8.4
7. 7
6.9
6.2
5.6
4.8
4.0
3.3
2.5
1.7
1.1
0.2

-0. 2

*( 9
-1. 3-t . 6
-1.63
-;.6
-2.3
-2. 6
-, .9
-2. 8
-2. 4
-2.1
-1.7
-1-3
-0.9
-0. 5
-0. 1

C.3
0.8
1.1
1.5
1.8
2.1
2.3
2.6
2.9
3.1

? = .1 . " " � P = C . 9 , " P = n . 1) 9 f)

t-j--j



OPTIONS T
OUTPUT Al

TRANSMIITTER NAA
POWER =I00O.rKW
FREQUENCY=17.8 KH2

9
VLF PQOPAGATION STUDIES

DE LFVFI. EXCEEDEn r)p. FIXED PROBA1BILITIES

TRAMStITTEQ LOCATION 44.7NY 67.3W

NCPP 74(VLFAC4)SERO0I

MONNTH JUL
NOISE SW = I KHZ
SEARING = 270. DEG

RECEIVER LOCATT34S

LET(DEG) LON(DEG)

25.77N
?5. jN
24.4N
23. 8N
23.2N
22.5N
21.9N
21. 2N
20.6N
19. 9N
19.3N
18.6N
18. ON
17.33N
16.6N
16. (N
15.3N
14.6N
13.9N
13.2N
1 2.6N
11.9N
11.2N
10.FN
9. 8t'
9. IN
8.4N
7.7N
7. ON
6.3N
5. 6N
4.99N
4.2N
3. 5IN
2 .eN
2.IN
1. 4N
0. ?N
0.OS
J .75
1.4S
2.IS

128.3U
129.1W
130.014
130.8W
131.7W1
132.5W
133.4W
134.2W
135.0W
135.8W
136.6W
137.4W
138. 24
139.0W
139.7W
14C .5W
141 . 3,
142.0W
142.8W
143. 5W
144.3W
145.0W
145.8 '
146. 'W
147.3W
148.CW
148.7W
149.4W
150.2W
15C .9U
151.6U
152.3W
153.0w
153.714
154.5W
155.24'
155. 94
156. AW
1 57. 3 1'
i58.1W
15b.7V
1 59. 4

()!ST ANCE

(DES)

52.'
53.0

54.0
55. t!
D6. 0
57.0
59. C
59.0
6C.0
61.^
52. 0
63.0
64. 0
65.0
66.0
$7.r
68. D
69.0
70.r
71.0
72. 0
73.n
74. '1
7E5. O
76. 0
77. 0
78. 0
79. I
80.3
P1.0
172 
33.0
84.0
85.r
86. 0
87.08 e . l?

89.0
70.0

92.1)
9 . 0

P0.500 P= 0.900 P=0.99'J

61.6
61.3
6". 9

613.2
59. 9
59.6
59.2
5e.9
51.6
58.2
57.9
57.5

5'9. 2

57.9

56.5
55. 2
SE. 9

55.2
54.8

54.2

5 3. 5
5 3. 7
52.9
5?.5
5?.2
Sl. 9

51.2
S. 9
$1' .6
5. 3
49.9
4 9.6349.3

4'.6 3
4't. a

57.6
57.2
56. 8
56.4
56.1
55* 7
55.3
54.9
54.5
54.1
53.7
53.4
52.3
5 1.9
51.6
51.2
53.8
50. 5
5j.1
49.7
4Q. 3
49.Q
45.5

47.8
47.5
47. .
46.7
46.4
46.J
4 5 * 7
45.3
4E.0
44.6
44.3
43.9
43.6
4t.2
42.9
42.5
42.2
41. 3

54 .1
53.7
53. 3
52.9
52.6
52. 2
51.8
51.4
51.0
501.5,
5 0.2
49.8
483.'3
47.6
47.3
4 6.9
46.S
46. 1
45.8
45.4
45. ri
44.7
4 4.2
43.9
ItJ.5
43. 1
42. 8
i? .4
42. 1
41.7
41.3
41.0
40 . 6
'0.3
39.9
3'9.6
39.2
38 .'
38. 5
3..
37.8
37.5

P=n.500 P=0.900 P=0.990

1 3. v
13.1
13-2
1 3.I
13.2
13.2
13.3
13.3
13.3
13.3
13.3
13.4
13.4
13.4
1 3.4
ts.3
13.2
13.'.
1 3 2 C

12.7
12.5
12.4
12.2
1 2. .
11.6
11.6
11.4
11.2
11.0
t5.7
IC.4
1 0.1
9.1S
9.4
9.1
8.8
8.4

. 1
7.8
7.4
7.0
6.6

7.f
7.2
7.3
7.4
7.5
7.6
7.7
7.7
7. 8
7.9
7.9
8.n,
7.4
7.4
T.4
7.3
7.1
6.9
6.7
6.5
6.3
6.1
5.0
5.7
5.4
9.1
4.8
4.5
4.2
3.4
3.4
3.?I
2.5
2 .1
1.7
1.f3
0.0
0.3

-0.:
-1. 1
-1.A

.4
2.6
2.7
2.9
3.0
3.2
3.3
3.4
3.5
3.6
3.7
2.5
2.5
2.5
2.4
2.2
2. C
1.7
1.5
1.3
1. 1

c.6
12.3
0.0

-u.3
-, .6
-0. 9
-1. 3
-1.8
-2.2
-2.6
-3.1
-3. 5
-4 .0
-4.4
-4. 9
-5. 4
-5.9
-6.4
-6. 9

S(08) S/N( nn )

t.j
00

vn

C/)

10

v~n

z
10

r,r,



OPTIONS T
OUTPUT Al

9
VLF PQ'OPAGATIUN STUDIES NCPP 74(VLFACM)SER001

0B LEVEL EKCEEDL9 FOR FIXEO PROBABILITIES

TRANSMITTER NAA
POWER =1000.OKW
FREQUENCY=i7.8 KH1

RECEIVER LOCATIMNS

LAT(DEG) LONKOEG)

160.1W
16C * 9V
161. 6W
162.34
163. OW
163. 71
164.4W

TRA11SPITTER LOCATION 44.7N 67.3W

DISTANCE

(OFG)

94.,0
95.1?
96. 0
97.0
98 .
99. 0

100. 0

S(DB)

P=C.5ftC P=0.900 P=3.995

4'. 7
47.4
47. 1)
46.7
46.4
4S.1
4 9 

41. 5
41 .2
40.8
40. 5
40.1
39. 8
3 9. 5

MONTH JUL
NOISE BW = I KH2
BEARING = 270. DEG

6.2 -2.1
5.8 -2.6
5.3 -3.1
4.8 -3.6
4. 3 -4 . 1
3.8 -4.6
3.3 -5.1

3 7. 1
36.8
36.5
36. 1
35.8
35.5
3 5. 1

2.PS
3. 5S
4. 2S
4.9S
5.6S
6.3S
7.OS

S/N(0C3)

P=1.5scr P=o.9so P=0.990

z
IV
10
r
*0
0o
00
tAw,.
C-'

-7.4
-7 . 9
-8. 5

-9.5
-10. 1
-1C.6

fli!j!ckv11mn- - * " ! -� -f - ! ,e !! !a



VLF PROPAGATION STUDIES
S=S/J

DB LEVEL CXCEEDED FOR FIXED PROBABILITIES

TRANSlITTER NAA
POWER =1000.PKW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LON(OEG)

54. 7N
64.7N
74.77N
84. 7N
85. 3N
75.3N
65.3N
55.3N
45.3N
35.3N

67. 3W
67.3W1
67.3W1
67. 3W1
1l12.7E
112.7E
112.7E
112.7E
112 .7E
112.7E

TRANSMITTER LOCATION 44.7N 67.3W

DISTANCE

(DEG)

10.C
20. 0
30.0
40.Q
50.0
60.-0
70. :
80.0
9r?. C

1 u0.0

S(Ca)

P=-.500 0=0.900

35.2
17.4
-n.2

-23.5
-2 8.8
-25. 9
-34.0
-36. 2
-41 . 3
-44.3

31.1
13.5
-4. 1

-27.5
-32 . 8
-29. 9
-38.0
-4O. 5
-46. 1
-49.5

P=0.990

27.8
10. 3
-7. 4

-30. 8
-36. 1
-33. 3
-41 .4
-44. 4
-50.6
-54 .4

NCPP 74(VLFAC4)SERO02

S/SCON 64. 41. 1000. 10

MONTHt JUL
NOISE BW = I KHZ
BEARING = 0. DEG

S/N( D8)

P=1.50( P=0.900 P=0.990

30.4
73.5
17. 2

S . 6
0.6

-5. 1
-72.1
-34. 6
-40 . 8
-43. 5

24. 7
17.6
12.2
1. P

-3.9
-10. 8
-29.0
-43. 2
-49.13
-50. 8

2C.1
13.5
8.4

-2.7
-7. 5

-15.2
-34. 4
-49.7
-55. 2
-5 6.3

OPTIONS T
OUTPUT Ai

0

C

m

;>

r

10

0
Cd'

z
0~
PRq
10
rF.
rF.



VLf P"O"AGATION STUDIES
S=S/J

DOu LEVEL EXCEEDEn FrM FIXED PRtBABILITIES

TRANSMITTER NAA
PGWE° =1000.QKW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LON(DCG)

43.8N
41.4N
37.5N
32.6N
26.9N
20. 6N
13.9N

7.0N
0. ON
7.0s

53.4W
40.2W
28.2W
17.6SW
8.1W
Q .4E
8.2E

15 .6E
22. 7E
9". 8E

TRANSMITTER LOCATION 44.7N 67.3W

DISTANCE S(08)

(OEG)

10. 03
20.-'
30.e1
40.0
50.0
s1 .r
70.0
80.0
90.eC

10. 0

P=o. 50o P=0. 900

17.8.
12.6
Q.4
4.4
3. 1

-1. Z
-2. 1
-3.1
-?.8B

13.6
8. 3
4.1
0.0

-1. 5
-4 .4
17. 7
-9.3

-1 I.0
-11.6

P=U. 990

10.2
4. 8
n . 4

-3.7
-5. 4
-8. S

-13. 2
-15.2
-17.2
-18.2

NCPP 74(VLFACM)SER002

S/SCON 64. 41. G000. 10

MONTH JUL
NOISE B'4 = I KHZ
BEARING = 90. DEG

S/N(DR)

P=A.500 P=0.900 P=O.990

30.8
78.7
76.1
22.8
16.9
1 0.1
4.5

-C.2
-2.6
-1.6

25.6
23.4
21.2

11.3
2.9
-3.5
-8.4

-11.1
-9.1

21.4
18. 8
17.0
13.9
6.7

--. 6

-9.8
-14.8
-17.6
-14.8

n 17 I 3! V1'k(

OPTIONS T
OUTPUT Ai

9

z

10

00

00



OPTIONS T
OUTPUT Al VLF PROPAGATION STUOIES

S=S/J
NCPP 74(VLFACM)SER002

0t: LFVEL EXCEEOEO FOR FIXED PROBA3ILITTES S/SCON 64. 41. I0OC. 10

TRANSMITTER NAA
POWER =1000.OKW
r-REQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(OEG) LON(DEr)

34.7N 67.3W
24.7N 67.3W
14.7N 67.3W

4.7N 67.3W
5.3S 67.3w

15.3S 67.3W
25.3S 67.3W
35.3S 67.3U
45.3S 67.3W
55.3S 67.3W

DISTANCE

(OEG)

10.r
20.O
30.0
40.0
50.0

70.0
80. e
90 .01

100.0

TRANSMITTEP LOCATION 44.7N 67.3W

S(C8)

P=(. 5OJ P= 1. 900

22.7
21.4
1A.3
16.6
15. 3
14.2
1?. 5

12.22. 1
1 .4
7.1I

18.5
17.0
13.S
10.7

9. 3
9.1
7.1
5. 4
3.2

-0.7

P=0. 990

15. 0
13.4
10. 1
5. 6
4. 1
2 .a
1. 8

-0.3
-2.8
-7. 3

MONTH JUL
NISE 8w = I KH1Z
BEARING = 18C. )EG

S/N(DB)

P=1. 500 P=u.9 gev P=O .99'

25.3
20. 2
14.6
10.6

8. 7
8.3
7.1
5.1
2.5
0.2

19. 3
13. 9
7.7
2.8
1. 3
0.8

-0.9
-3.3
-6.0
-8.1

14.5
8.9
2.1

-3.3
-4. 5
-4. 6
-6.3
-8.6

-11. 3
-13.3

Cd

ra:z

10
F.
F.j



-PT ICINS T
(IUTPUT 41

TRANSYITTER NIA
POWED =1003.0KW
FREQUENCY=17.-i KH7

RECEIVER LOCATIONS

LATCDEG) LCIN(CEG)

43.8N
41*4N
37.5N
32.6N
26.9N
20.6N
13.9N
7.0N
O.'JS
7.GS

81.2W1
94. 44

1IL6 .4W
117 .OW
126. 5W
135.01W
142 .8U
150. 2U
157.3W1
164.41W

9
VLF VD0DAGATION STUOTI5

[. L EVE' -XCEED)tl FOp FlXEO PROBABILITTES

TRl~AN5 MTTER 1.1CATTIN 44.7N 67.3W

JISTANCE

('IEG)

10.0
20.0
30 .1
40.0
50.0
60..r
70.0
8C.O
90.f

130.0

S 3!)

O=Q .5f! P=0. 9GC

4
R3. 5

41.6

4K;. 6
2q. 2
16.3
14. 0
i I. S
ln.0

12.4

41.4
37.4
43.8
4 1. 3
23.8
11.6
7.6
4. 6
2.5
4.3

P=O. 99d

3 7. 7
33.9
40. 1
37.6
2 0.13
7.4
2. 2

-1. 3
-3 . 3
-1.6

NCPP 74(VLFACM)SFPG(2

S/SC5O1 6$4. 41. li.0u. It

P"34 TH JUL
NTISE BW = I K'IZ
IEAPRING = 27D. 0E1,G

S /N( O)'\)

P=N. 500 P=0.919& P=O .990

2 3.9
1 7. C
12.4
12.4
13.6
13.3
12. 8
1 1. 0
7.8
3.3

16.6
9.4
4.4
5. O
7. 5
7. q
6.7
4. 2

-0. 1
-5. 1

C .6
3.3

-2. 0
-0.5
2.9
3.5
1.7

-0.9
-5. 4

-10..6

z

W
F.

10

00

00

fliTiTtcylimn
1� - 3 '! ! 11 -� - t - � v I �



OPTIONS
OUTPUT 81

T
VLF PQOPAG6TION STUDIES

S=S/J
NCPP 74(VLFACM)SER003

TRANSMITTER MIN 54.ON 28.OE
RECEIVER SS8N 6G.0N 10.04W
3EARING = 301.7DEG DISTANCE = 21.2UEG

FREQUENCY = 26.1 KHZ
NOISE BW = 1 KHZ

PIWER = 500.OKW

MOJTH JUL

S/ N( OB)

36.1
36.4
26.6
25.2
25.7
27.4
28.31
28.2

27.3
26.5
25.5
25.3
25.1
25. 1
25.3
25.7
26.')
26.4
26.7
27.8
27.9
31.9
37.5

SIGMA(S) STGMA(NU) SIGMA(SN-L)

3.6
3.6
3.6
2.0
2.G
2.0
2.0
2.0
2.10
2.0
2.0
2.0
2.0L. j
2. )
2.0
2.0
2.0
2.0
2.G
3. 6
3.6
3.6
3. 6

2.4
2.4
2.4
2.4
2. 5
2.5
2.6
2. 5
2 .5
2. 5
2.6
2.7
2.6
2.7
2.6
2.7
2.7
2. 7
2. 6
a .5
2.5
2. 4
'.5
2. 4

G4T

00
01
02
03
04
05
06
07
9
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

S(DB)

76.7
76.7
66.4
.64.3
64.5
6S.7
64.9
65.1

65 . 3
65.4
65.4
65.4
65.4
65.3
65.2
65.ji
64.8
64.6
64.4
66.3
68.1
7C.4
76.7

N( 08)

40.5
40.3
39.7
39.1
38.7
37.3
36.9
36.9
37.4
38.1
38.9
39.9
40.2
4P.3
40.2
39.9
39.3
38.8
38.3
37.7
38.5
40.2
3S.5
39.1

4. 3
4. 3
4.3
3. 1
3.2
3 .2
3.3
3.2
3.2
3.2
3.3
3.4
3.3
3.4
3.3
3.4
3.4
3.3
3.3
3.2
4.4
4.4
4.4
4.3

Cddc'

z
;o

0

;5
0

F.n

F.

NDT

N
N
T
D
D

D
0
D

D0
D0

D'
D
D
D
D
D
D
0
D

T
T
T
N



OPT IONS T T
OUTPUT A2 VLF PR(DAGATIOiN STUDIES

S=S/ J

D' ( LFVEL -YC'i0E0 F3 FIXED PRf ABILITTES JAM

N.PP 74(VLFPCA)SLRCV3

54. 293.

POWER = 1DC.KW
FREQUENCY=26.1 KHZ

'RANSMITTER LOCATIONS

LAT(DEG) LON(DEG)

59.0N
58.ON
57.ON
56.0N
55.ON
54.0N
53.ON
52.ON
51.0N
50.-N
49. ON
48.0N
47.0N
46.0N
45.0N
44.DN
43.0N
42.0N
41.-N
40. ON
39.0N
38. ON
37. ON
36.0N
35.0N
34.ON
33.0N
32. ON
31. ON
300,N
29. ON
23.0N
27.0N
26.ON
25.0N
24.0N
23.DN
22.0N
21.0N
20.GN
19.0N
18.0N

G.31W
l0.ow
10.0o
1C.1314
10.0OW
10.041
c .nw

10.OW
10.OW
1.DAW
10o.W
10.0W
ID.nW

10.0OW10.'OW

1 0. 014

10.014
10.014

lO.QW

10. OW

lOAW

10.1W

10. OW10.0QW
lQ.OW

10. OW

lO.OW

10.OW

10. 01

10.0o

lO.OW

10. OW

lo. ow

10.01QW

lo.ow

RiCc!VEQ L"CSTIIN 60.0N 10.OW

n'STANCE

(9EG)

1.n
2.0
3.-
4.0
5.3)
6. C'
7.C
8.0
9.0

10. C!
11.0
12.0
1 3. C
14.0
15.-
16. C0
17.0
18. 0
19 * CI
20.0
Z1. 0
22.1?
23 . 0
24.0
25.0
26.0
27.0
28 .1
29 * 0
30.0
31.0
32.0
33.0
34. 1
35.0
36. *
37T.
38.0
39.0
40 .*0
41.0
42. C

5 (1 )

P=!).50C P=0.900 P=0.990

16.4
1 2. 7
10.1

9.0
6. 2
4.8
3.4
?. 2
1.2
n.3

-'f. 6
-1 3
-?. I
-2. 8
-3.4
-4.0
-4. 4
-4.8
-5.3
-S. 8

-6.4-6.84

-7. 3
-7.8
-9.2
-8.7
-9.2
-9. 8

-10. 2
-113.8
-11. 3
-11 .8
-12.3
-12.8
-1 3.2
-13. 7
-14. 2
-14. 6
-15. 1
-15. 5
-i6. 0

14.6
a. s
5. 5
3.2
1.4

-3.0
-1.*2
-2.4
-3.4
-4. 3
-5. 0
-5. 7
-6.4
-7.1
-7.6
-8.2
-8.7
-8. 9
-9.4
-9.9

-10. 4
-11.0
-11. 5
-12.0
-12.5
-13.0
-13.5
-14.0
-14.6
-15.2-15.7
-16.2
-16.7
-17.2
-17.8
-18. 3
-18.8
-19.2
-19.7
-20.1
-20.6
-21.0

5.2
-0. 3
-3. 3
-5.5
-7. 0
-A. 2
-9.1
-9.9

-10.5
-11.1
-11. 6
-12. 1
-12.8
-13. 2
-13. 6
-14.0
-14.4
-13. 8
-14.2
-14. 8
-15. 3
-15.8
-16.5
-17.0
-17.5
-18.1
-18. 7
-19.3
-20.0
-20. 9
-21.4
-21.9
-22. 5
-23. 1
-23. 6
-24. 2
-24.5
-24.9
-25. 2
-25. 6
-26.0
-26. 3

M(1NTi J JUL
NOISE BW = I KHl
BEAPINC7 = 1''. DEG

5/N(D'A)

P=1.560 P=0.900 P=O .990

49.S
43.5
39.9
37.4
35.4
'3.6
32.2
30.9
29.8
?8.7
?7.8
27.0
'6.2
25.4
24.72 4.7

23.4
73.1

22.2
21 - 7
71.2
?0.8
?0. 3
1 9.8
19.4
18.9
18.4
17.9
17.4
17.t
16.5
16.C
15.5
15.0
14.5
14.1
13.6
13.2
12.7
12.3
11.8

45.r
38.9
35. 3
32.7
30.7
28. 9
27.4
26.1
24.9
23-.
22.9
22.0
21.1
20.3
19.6
18.Q
18.2
17.9
17.4
16.9
16.4
15.9
15.4
15.0
14.5
14.0
13.6
13.1
12.5
12.0
11.5
11. )
10.5
10.1
9.6
9.1
8.6
8.1
7.7
7.2
6.7
6.2

4 1.0
35.0
31. 5
28.8
26.8
25.1
23.7
22.3
21.0
19.9
19.0
18.1
1 F. 0
1 6.2
15.5
14.8
14.2
14.0
13.5
13.1
12.6
12.1

11.1
IU.6
10.2
9.8
9.2
8.7
7.9
7- 5
7.0
6.5
6.1
5.6
5.2
4.7
4.2
3.7
3.3
2.8
2.3

111J1T ccWlln

C-,

z

M
F.

00

CD
C,'



OPTIONS T T
OUTPUT AZ

POWER = 10O.OKW
FREQUENCY=26.1 KHl

9 S=S/ J
VLF PDOPAGATION STUDIES

08 LEVEL EXCEEDED FOR FIXED PROBABTLTTIES

RECEIVER LMCATION 60.ON 10.0W

J'M

MONTH JUL
NIISE BU = 1 KMZ
BEARING = 130. DEG

!RANSMITTER LOCATIONS

LAT(OEG) LON(DEG)

17.0N
16.0W
15.0N
14.0N
13.0N
12.ON
11-0N
10.3N

9.0N
8.0N
7.0N
6.0N
5. CN
4.0N
3.0N
2.ON
1. ON
O.ON
l.OS
2.OS
3.0S
4.5S
5.OS
6.OS
7.OS
8.0S
9.OS

13a.0 S
11.0S
12.CS
13.3S
14.0S
15.0S
16.0S
17.OS
18.Qs
19.0S
20.0S
21.GS
22.DS
23.0S
24.0 S

10.0W
l1D.0W
10.OW
10.0O
10.0W1G0. 0W4
10.0Cu

1o .nw

lo.ow
10.0w
10. OW
10.0OW
10. OW
10.0O
10. OW

10.014
10.O0

ro.ow

10. OW
10.OW

lQoJo

10.0QW

1Q). O W

1 0 . a W10.0OW

lO.OW

1Q0.OW
1Q .QU

lo.ow
lO.OW

10.014

10.04

lo.ow10. 11W

10.0OW

lD.OW

lc.0eu

DISTANCE

(DES)

43.-
44.0
45.0
46.0
47.0
48.0
49. C
50 .e
51.0
52.0
53.0
54.0
55.0
56.0
57.0
58. C
59.0
60.0
61.C
62.0
63.0
64. t
65.0
66.C
$7.0
68.0
69. C
719.1?
71.0
72.1C
73.C
74 . 0
75.0
76.c
77.0
78.0
79.C
80.0
81.0
82.C
83.0
84.0

S(08)

P=o.500 P=0.900 P=0.990

-16.4
-16.7
-17. 2
-17.6
-18.0
-1. 4
-18.8d
-19.2
-19.6
-2n.1s-2'). 5
-20.9
-21.2
-21. 5
-21. 9
-2?.2
-22.5
-22. 8
-,d3. 1
-23.4
-23.7
-24.0
-24. 3
-24.6
-24.9
-25.2
-25. 5
-LS.8
-26. 1
-26.4
-o.6

-Ž6.9
-Z7. 2

-27. 8
- 2 P. 1
-_ 0.4
-Z8. 7
-29.0
-29. 2
-Ž9. 5
-29. 9

-21. 5
-23.Z
-23.6
-24. 1
-24.5

2 S. C-25.04-25.4
-75.9
-26. 3
-26.7
-27. 1
-27. 5
-27.9
-28. 2
-28. 6
-28.9
-29.3
-29. 6
-331.0
-30. 3
-30. 6

-31.2
-31. 5
-31.9
-32.2
-32. 5
-32 .8
-33. 1
-33. 5
-33 .8
-34. 1
-34.4
- 34.8
-35. 1
-35. 4
-35.7
-36. 1
-36.4
-36. 7
-37. 0
-37.4

-26. 7
-29.1
-29. 5
-29. 9
-30.3
-30. 7
-31. 6
-31. 9
-32. 3
-32.6
-33.')
-33. 4
-33. 7
-34. 0
-34. 3
-3 4.6
-34. 9
-35. 2
-36.0
-36. 3
- 36. 6
-36.9
-37. 1
-37. 4
-37.7
-38. 0
-38. 3
-38. 5
-38. 9
-39. 2
-39. 5
-39. 8
-40. 1
-40. 4
-40. 7
-41 . O
-41.4
-41. 7
-42. 1
-42. 4
-42. 8
-43.1

S/N(OB)

P= .5s0e P=0.900 P=0.990

11.4
11. 1
10. 7
10. 2
9.8
9.4
9.c
8.6
8.2
7.8
7.4
7.0
6.7
6.3
6. 0
5.7
5.4
5.1
4.8
4.5
4. 2
3.9
3.6
3.3
3.0
2.7
2.4
2.i
1.98
1. 5
1.2
0.9
0.6
0.3
0. 0

-0.3
-0.5
-0.8
-1.1
-1.4
-1.7
-Z.J

5.7
4.2
3.8
3. 3
2.8
2.4
1.9
1.4
1.0
0.5
0.1

-0 . 3
n.7

-1.1
-1.4
-1.8
-2.1
-2.5
-2.9
-3.2
-3.5
-3."
-4.2
-4. 5
-4.8
-5. 2
-5.5
-5 .9
-6. ?
-6.5
-6.8
-7.2
-7.5
-7.8
-8.2
-8. 5
-8.18
-9.2
-9.51

-10 . 2
-10.5

1.8
-0. 7
-1.2
-1.7
-2. 1
-2.6
-3.5
-3. 9
-4. 3
-4.7
-5.2
-5.6
-6.0
-6.3
-6. 7
-7.0
-7. 4
7. 8

-8.6
-8.9
-9. 2
-9.6
-9. 9

-1L. 2
-10.5
-10. 8
-11.1
-11. 4
-11.7
-12.0
-12. 4
-12.7
-13. 1
-13. 4
-13.7
-14. 1
-14.4
-14.8
-15. 1
-15.5
-15.8
-16. 2

NCPP 74(VLFACM)SER003

54. 28.

w
aN

r
C

~o
0

z
PR
0F.

F.



OPTINS T T
OUTPUT P2 VLF P"00AGATION STUOTES

S=S/ J

DE LEVEL CXCEEDEI) F(SD FIXEO P9OBABILITItS

NCPP 74(VLFACM)SERO03

JAM 54. 28.

RECE-IVEP L"CATI3N 60.ON 10.0OW

D)ISTANCE

(DEG)

85. 0

87.0
88. 0
99 .C
90.0

S( D8)

P-0. 509 P= 0. 900

-30. 1
-3" .3
-30. 6
-3M.9
-31.2
-31.4

-37. 7
-38 . 0
-38. 3
-38. 6
- 38.9
-39. 2

P= 0.99)

-43. 5
-44. 4
-44. 7
-45. 3
-45. 2
-45. 5

MINTH JUL
NIISE 8W = I KHZ
SEARING = 180). DEG

S/ N( Oi)

P=0.500 P=Q.900 P=0.990

-2. 3
-2.5
-2.8
-3. 1
-3. 3
-3.6

-10. 9
-11. 2
-11.6
-11.9
-12. 2
-12. 5

-16.6
-1 7. 4

-17.7
-186. 1
-18. 3
-18.7

f l .. . . 3- . - - . .. !. .

POWFR = l1O.KW
FREQUFNCY=26.1 KfNZ

TRANSMITTER LOCATIONS

LAT(DEG) LONCDEG)

25.CS
Z6.05S
27.0s
2 B.C-S
29.DjS
30.O S

10. )1W

10.OW
1c.0o
10.OW
10.01W
lO.OW

10
0

00

CD.'



OPT IONS T T
OUTPUT t'

PCWER = 10.O.9KW
FREQUENCY=25.1 KHE

5 = / J
VLF POCPBGATION STUDTFS

re ,FVCL LXCEC"L9 PF,7 FIXED PRVO.ABTLTTTcS

RECLIVER LOCATION SC.ON 13.0W

NCPP 74(VLrACi)SEQ(J03

J^ M 54. 28.

"INTTH JUL
NOISE 9W = I KIZ
BEAPING = 270. OEEG

TRANSMITTER LOCATIMNS

LAT(OEG) LCN(DE'i)

60.ON
59.99N
59.9N
59.8N
59.6N
59.5N
59.3N
59. D N
58.8N
58.5N
58.2N
57.9N
57.5N
57.2N
56.8N
56.4N
55.9N
55.5N
55. ON
54.5N
54.ON
53.4N
52.9N
52.3N
51.7N
51.1N
50.5N
49.9N
49.ZN
48.6N
47.9N
47.3N
46.6N
45.9N
45.2N
44.5N
43.8N
43.0N
42.3N
41.6N
40.8N
40.1N

12.Cw
14.1W
16.ew
18.0W
19.9'4
21.91
23.81
25.7W
27.6W
29.4W
31.2W
33.01
34.8W
36.5W
38.2W
39.81W
41.4W
43.01W
44.6U
46.1 1
47.5W
48.9W
50.31
51.7U
53.0W
54.31
55.5W
56.8W
57.91
59.11W
6C.2i
61. 3W
62.4W
6'. 51
64.5W
65.51
66.4W
67.4W
68.3W
69.2W
70.1W
71.!W

(2E 1)

1.Q
2 r
3.0
4.C

S.0
7.0
s.r
9.0

10.C
i1.0
12.0
i3.0
14.C
15.0
16.0
17.t,
18.0
19.e
20.0
21.0
22.0
23.0
24.0
25 .e
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.d
34 .C 
35.0
36.0
37.0
38.0
39.0
40.0
41.-C
42.t

P=L.501 P=n.jQP P=D.990

2 2. 5
i6.4
12. 7
iln. 1
p.O
6.3
4. 3
3.5
2.4
!. 3
t.4

-1.3
-2.0
-2. 7
-3.4
-4.0
-4. 9

-5.7
-6.2
-6.7

-'. 1

-7.6

-9. 5
-8. 9
-9.4
-9.9

-If%. 4
-1". 8
-11.2
-11.6
-12.1
-12.5
-13.n
-13.4
-13.8
-14.1
-14.S
-14.9
-i S.7

14. 6
8.9
5.5
3. 2
1.5

0.0
-1.2

-2.3
-3.4
-4.3
-5 .0
-5.8
-6. 4
-7.1
-7. 7
-8.4
-9.0

-10.9
-11.4
-12.1
-12.6
-13.1
-13.7
-14.2
-14.7
-15.2
-15.6
-16.3
-16.9
-17.5
-17.9
-18.4
-13.9
-19. 5
-20.0
-2 3.6
-21.0
-21.4
-21.8
-22.2
-22.6
-23.0

5. 3
-13 . 3
-3. 3
-5. 3
-S.8
-7.9
-8.3T~. $

-10. 3
-10;.9
-11.5
-12.0
-12.6
-13.1
-13.6
-14.2
-14.7
-20. 2
-29.d
-21.4
-22.0
-22.6
-23.7
-23. 7
-24.3
-24. 8
-25.3
-25.9
-26.5
-27.1
-27.6
-28. 1
-28.5
-29.1
-29.6
-30.2
-30. 8
-31.2
-31.7
-32.1
-32. 5
-33.0

P=i .5,0 p=O.903 ?=0.990

49.6
43.5
39.9
'7. 3
35.3
33.7
3 2.2
31.C
29.9
28.8
'7.9
27.0
26.2
25.4
24.7
74.G
23.3
22.6
72.1
?1.6
21.2
'0.7
20.2
19.8
19.3
18.9
18.4
17.9
17.4
16.9
16.5
16.1
15.7
15.2
14.8
14.3
13.8
13.5
13.1
12.8
12.4
12.0

45.n
38.9
35.3
32.7
30.7
29.0
27.5
26.3
25.0
24. ?
23. 1
22.1
21.3
20.5
19. 7
19.-
18.3
17.6
17.1
16.6
16.1
15.6
15.2
14.7
14.2
13.8
13.3
12.83
12.3
11.3
11.3
10.9
10.5
10.0
9.5
9 .e
9.5
8.1
7.8
7.4
7.0
6.6

41.0
35.1
31.4
28.9
26.9
25.2
23.8
22.5
21.2

19.2
18.3
17.4
16.7
15.8
15.1
14.5
13.7
13.3
12.7
12.2
11.8
11.3
I0.8
10.3
9.9
9.4
8.8
8.3
7.8
7.4
7.0
6.6
5.9
5.5
5.0
4.5
4.1
3.7
3.3
2.9
2.6

DISTANCE S( DLA) S/ N Otji)
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OPTIONS T T
OUTPUT h.

POWER = 100.0KW
FREQUENCY=26.1 KHZ

TRANSMITTER LOCATIONS

LAT(DEG) LON(DEG)

39. 3N
38.5N
37.8N
3 7. ON
36.2N
35.4N
34. 6N
33. 8N
33.0N
32.ZN
31.4N
30.6N
29.6N
29.ON
28.11N
27.3N
26.5N
25.7N
24.8N
24.0N
23.2N
22.3N
21.5N
20.6N
t9.8N
18.9N
18. IN
17 . N
16.4N
1 5. SN
14.7fl
13.PN
1 3.nN
12.1N
1 1.2tN
310.4N

9. 5 M
8.6N
7.8N
S 9N
6.1N
5.2N

71. 8W
72.611
73.4U
74. 2U
75. 0W
75 . 8W
76. 5W
77.27W
78. 3W
78.7W
79.4W
8o. n 
89 .7W
81 .6W4
82.0OW
82 .SW
83.3W
83.911
84.5W
85.1W
85. 74
86.3W
86. 9V
d7. 4W
88.01W
88.6W
'Q. 1W
89 .7W
90 . 2W
". 8W
91.311
91. 8W
92.4W
92 .91
93 .4U
93.9 '4
94.4W1
95 c W
95. 51W
96.nW
96 . W
-7. Cw

9 S=S/J
VLF PROPAGATION STUDIES

D8 LEVEL EXCEEDED FOR FIXED PROBA9ILITIES

PLCEIVER LOCATION 60.0N 10.0W

OISTANCE

(DEG)

43. C
44. 0
45.0
46.0
47.0
48.0
49. C
50.0
51.0
52.0
53. 0
54. C
55.0
56.0
57.0
58.n
59.0
6C0.0
61.0
62 . 0
63. 0
6 4. 3
65.0
66. C
67. 0
68. 0
69. C
7(0. 0
71.0
72. C
7 3. 0
7 4. 3
75. ,
76 .0(
77.0
7B. 0
7 9 * r
3 0.0
81..
52 .
83.0
84. 0

S(DB)

P=0.500 P=0. 900 P=0.990

-15.5
-15. 8
-16.2
-16.5
-16. 8
-17. 2
-17.5
-17. 8
-1 g. I
-1 R*5
-IR. 8
-19. 1
-19. 4

-2'. 2
-21. 5
-20. 8
-21. 1

-Zl7. S-21. 5-21.8

-22. 6
463.0

-2 ". 4
-2'. 7

-24.1
-24. 4
-24. 8
-25. 2
-25. 5
_,c. 8

-26. 1
-Ž4.4
-2f4. 6
-26.8
-Z7'.1

-2'.4
-27.6
-27.9

-.2
-2 4 2

-23.5
-23.9
-24.2
-24.6
-24.9
-25.3
-25.7
-26.30
-26.4
-2S.8
-27.2
-27.7
-28.0
-28.5
-28.9
-29.4
-29.7
-30.1
-30.4
-30.8
-31.1
-31.5
-31.8
-32.2
-32.7
-33.3
-33.7
-34.1
-34.5
-36.9
-35.3
-35.6
-35.9
-36.2
-37.3
-37.6
-37.9
-38.2
-38. 5
-38 .9
-39.2
-39.5

-33.4
-33.8
-34. 2
-34.6
-35.1
-35. 5
-35.9
-36.3
-36.7
-37. 2
-37.6
-31.1
-38.5
-39. 1
-39.6
-40.1
-40.6
-41.31
-41.4
-41.8
-42.3
-42.7
-43.1
-43. A
-44.1
-44. 6
-45.1
-45. 6
-46. 1
-46. 5
-47.1
-47.5
-47.9
-48.2
-49. 9
-50. 3
-50.5
-51.0
-51.4
-> I.8
-52.2
-52. 5

JAt4

NCPP 74(VLFAC'4)SERQ03

54. 28.

MONTH JUL
N11SE BW = I KHZ
BEARING = 270. DEG

S/N(DC)

P=0.500 P=0.900 P=0.990

11.7
11.4

10.7
10.4
10.c
9.7
9.4
9.1n
8.7
8.4
8.1
7.7
7.3
6.9
6.5
6.2
5.9
5.6
5.3
5. 0
4.7
4.4
4. C
3.6
3.3
2.9
2.5
2.2
1.8
1.4
1.2
0.s
0.6
0.6
0.3
0.0

-0.3
-0.5
-0.8
-1. 1
-1.3

6.2
5. B
5.5
5.1
4.7
4.4
4.0
3.7
3.3
2.9
2.0
2.1
1.8
1.3
0.9
0.4
0.1

-0.3
-0.6
-1.G
-1.3
-1.7
-2.1
-2 .
-3.0
-3. 4
-3.8
-4 .
-4.6
-5.1
-5.5
-5. "
-6.1
-6.5
-7.7
-8.4

-B.47-8.7

-9.3
-9.7

-10. 0

2.0
1. 7
1.3
1.0
0.6
0.2

-0.5
-C.9
-1.3
-1.7
-2.3
-2.7
-3.1
-3.6
-4.0
-4.4
-4.8
-5.2
-5.6
-5.9
-6. 3
-6. 7
-7.2
_ .7
-8.5
-8. 9
-9. 3
-9. 7

-10.2

-10.9-li.36

-11.6
-14.0
-14. 3
-14. 7
-15.0
-15.4
-15. 7
-16.1
-16. 4

In! T IKS cc VI kif

'%0

z
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m
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0
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OPTIONS T T
OUTPUT A2

9 S=S/ J
VLF PDOPAGATION STUDIES NCPP 74(VLFACM)SER003

DE LFVEL EXCEE!Fn FOR FIXED PROPABTLITTES

POWER = 1CO.OKW
FREQUENCY=26.1 KHl

TRANSMITTER LOCATIONS

LAtTDEG) LON(OEG)

4.3N 97.5W
3.5N 98.0W
2.6N 98.5W
1.7N 99.0Y
0.9N 99.5W
0.DS uP.ow

RECLTVER L'CATION 60.0N 1o.JW

DISTANCE

(U'G)

85. 0
86.V
87.0
88 . 0
59. C
90.0

S( 9i)

p=u .sn, P=fl.900 p=a.990

-29.6
-e..9
-29. 1
- * O. 4
-29.7
-3n.0

-40. 0
-40.3
-40.6
-40.9
-41.2
-41. 5

-5Z. 9
-53. 3
-53. 6
-54. 0
-54. 4
-54. 7

JAM 54. 28.

"INTH JUL
NOISE 8w = i KH!
BEARING = 270. DEG

S/N(DC)

P=1.50O P=0.9r 0 P=O.990

-1.6
-1.8
-2.:
-2. 4
-2.6
-2.9

-10 . 3
-1l .6
-10.4
-11.2
-11 . 5
-11. 8

-17.2
-17.5
-17.8
-18.1
-18.4
-18.7

0

10

X

C-,

z
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OPTIONS T
OUTPUT A3 VLF PPOPAGATION STUDIES

AVERAGE PROBAB8LTTIES FOR FIXED THRESHOLDS

NCPP 74(VLFACM)SER004

TRANSMITTER NAA
POWER =1000.OKW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LON(OEG)

53.1N
53.9N
54.7N
55.5N
56.2N
57.ON
57.8N
5 .5N
59.2N
59.9N
63.6N
61.3N
62.0N
62.6N
63.2N
63.8N
64.4N
65.0N
65.5N
66. ON
66.5N
66.9N
67.3N
67.7N
68.3N
68.3N
68.6N
68.8N
68.9N
69.1N
69.1N
69.2N
69.2N
69.1N
69.0N
68.9N
68.7N
68.4N
68.1N
67.8N
67.5N
67.1N

75.6W
76.6W
77.7W
786.7
79.9W
810W
82.3W
83.5W
84.9W
86.3W
87.7W
89.2W
90.8W
92.4W
94.2W
96.0O
97.8W
99.8W

1 1. 81W
103.91W
106.1W
10 8.4
110.71
113.2W
115.71
118.2W
12Ž091
123.51
126.3W
129.1W
131.9W
134.T7
137.5SW
140.3W
143.1W
145. 8W
148.5W
151.2W
153.8SW
156.3W
158.8W
161.1W

TRANSMITTER LOCATION 44.TN 67.3W

DISTANCE

(9EG)

10.0
11.G
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.P
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.C
35.0
36.0
37.0
38.0
39.0
40 .0
41.0
42.0
43.0
44.0
45.0
46.0
47.0
48.0
49.C
50.0
51.0

S PROBABILITY

T= 60.C T= 48.0 T= 30.0

1. 000
1.0no

1.000
1.0001.i000

1.000

1.000
1. 000

1. 00Q
C. 998
C.989
0.945
0. 8r6
0.5440
0.257
D .C85
O. 021
0.on9
0.0"2
0. 000
0. ono
O.Oqu
0. 000
0.000o
0.000
0. 0no
0). 000o
0 . fn.,
0.000
o.000
0. noo
0. no0

O. OQGu

0.000

Q .120

0. 000
c. o0o

1. 000
1.000
1.000
1.000
I .G00
1.000
1. D00
1.000
1.000
1. G0o
I . 000
1.000
1.000
I . 0 a 0
1.000
1. 000
I .oon
1.000
1. 000
1.000
1. 000
1.000
0. 997
0. 993
0 . 964
0. 862
0. 6 38
0 .35C
0.135
0. 038
n .0)9
0. 002
0. 001
0. 000
0. 000
0. 000
0. 000
0. 000
. 000

0. 031
0. 000
0. 000

1. 00c
1 .00u
1. 000
1. 000
1 .000
1.000
1. GOC
1.GOO
1.000
1. 00a
1 . 0o0
1. 000
1. 000
1.1oo
1. 000
1. 000
1.000
1. 000
I . o00
1.000
1.000
1 .000
1.000
1.0O0
1 .000
1. 000
1.000
1.000
1. 000
1. 000
1.000
1.000
1. 000
0. 999
0. 996
0. 978
0. 910
0. 738
0. 470
0 .2 1 7
0.072
0. 138

MONTH JUL
NOISE 8W = I KHZ
BEARING = 330. DEG

S/N PROBA9ILITY

T= 12.0 T= -6.u T=-24.0

0. 999
e .999
0.996
0. 995
0 .994
0. 994
0. 994
0 .995
0.992
0. 991
0 .991
0. 992
0. 993
0 .991
0. 982
0. 96 7
0.944
0.911
0.85s
0. ?72
0.68 3
0 .5 7 1
0.457
0.405
e .2 97
0. 1 9 9
0.109
0.040
0. 0 11
0 .002
0.001
0. oo0
0.G00
o.oon
0. 000
o.eoo
0. 0 00
0. 000
0.000
0. o00
0. 000
0 . n of)

1.000
1.000
1.000
1.000
1 .000
1. 000
1.000
1. 000
1.000
1. 0 0 0
1 .00 0
1. 000
1-.0 00
1 .000
1.000
1. 000
1.000
1. 00 0
1. 000 
1.000
1.000
I.ono
1. 00 0
1. 00 0
1.000
0. 999
o.997
0.98 8
0. 956
o . 875
0. 764
0.641
0. 6131
0. 468
0.34 3
J . 230
0.140
0.0 80
0.0 43
0.02 0
0.008
0.00 3

1. 0 00
I. O1 C0
1.000
1.0 00
1.000
1.000
1.0 00
1.000
1.000
1.000
1. 0 00
1. 000
1.000
1.000
1.000
1.000
1.000
I.OCO
1. 000
1.000
1.000
1.o00
1.000
1. 000 
1.0 00
1.000
I.000
1.000
1.000
1.0c0
1. 0 00
1.000
1. 000
1.000
1. 000
0.9 99
0.997
0.994
O.990
0.9 82
0.969
3. 943

z
F.
10

oo
ml
0

0
00

nH-7 cleviin



OPTIONS T
OUTPUT A3

9
VLF PPOPAGATION STUDIES NLPP 74(VLFACM)SER.u,04

BVEkASE PPRBABTLITIES FOR FIXED THRESHILDS

TRANS14ITTER NAA
POWER =100.01KW
FREQUENCY=17.8 KHE

RECEIVER LOCATIONS

LAT(DEG) LON(DEG)

66.7N 163.4W
66.2N 165.7W
65.7W 167.8W
65.2N 169.9W
64.6N 171.8W
64.1N 173.7W
63.5N 175.6W
62.9N 177.3W
62.2N 179.0W
61.6N 179.4E
60.9N 177.9E
60.21 176.4F
59.5w 175.OE
58.S8h 173.7E
58.0N 172.4E
57.3N 171.IE
56.5N 169.9E
55.8N 168.8E
550N 167.7E
54.ZN 166.6E
53.4N 165.6E
52.6N 164.6E
51.8W 163.7E
51.0N 162.8E
50.1N 161.9E
49.3N 161.OE
48.4N 160.2E
47.6N 159.4E
46.7N 158.6E
45.9W 157.9E
45.0N 157.2E
44.2N 156.5E
43.3N 155.8E
42.4N 155.1E
41.5N 154.5E
40.7N 153.9E
39.8N 153.3E
38.9N 152.7E
38.0N 152.1E
37.1N 151.5E
36.2N 151.OE
35.3N 150.4E

TRAt4SM!TTEQ LOCATION 44.7N 67.3W

DISTANCE

(DFS)

52.0
53.n
54. 0
55.0
56.0
57.0
58.0
59.C
60.0
61.0
62.(
63.0
64.0
65.P
66.0
67.0
68.0
69.0
70.0
71.0
72.0
73.0
74.0
75.0
76.0
77.0
78.0
79.0
80.0
81.0
82.0
83.0
84.0
85.0
86.0
87.0
88.0
89.0
90.0
91.0
92.0
93.0

S PRUBASILITY

T= t.vJ T= 48.0 T= 30.0

%; . onu
G.Ono
°- 0 n0

0. 0n)O-0.000

u. no
G.000

0. 000
0. 000c . Mne0. 000

0. 00o

G . Ono

0. 0o0
0. 0000.0ooo

0. 000
O. find
('.000
0.0031s
0.000
0.0n0
0. 000
0.000~
U.000
0. 000

0. 000

0. 0 00

G - in 6
0.000
o.ooo

0. 0000. 000

G-0Mo

0. 000
0. 000
U. of"0

0- 000
O. 000

0. 000
0.000
0. 000
0. 000
0 * 000

0. 000
0. 0oo

0. 000
0. 0000 . OOQ 0.000

0. 00 00. 000
0 .0 00
0.000
01.000n. 0oo
0..000
0. 000
3 . OOQ 0.000
0. 000
0. 000
0. 000

I * 0a000. 0000.000
0.000

0. 0000. 000
0. 000
0. 000
0O. 00
0.000
0. 000
0. 000
0. 000

0. 000
0.000
O. 000

0.000
0.000

0. 014
.0 *0)7
0. 004
0.003
u .002
0.001
U.001

0.001
0. 00u
0. 000
0. 000
0.000
U .00ct
0. 000
0. OOC
0.300
0. 000
0. 000
0.000
0.000
3. 000
0.000
0. 000
0. 000
0.JO
0. 000
0. 000
0.000
0. 000
0. COC
0. 000
0. 000
J.000
0. 000
0. 000
D.OO0
0. 000
0. 000
0 .000
0.000
0. 000

"ONTH JUL
NOISE 8W = i KIZ
BEARING = 3in. DEG

S/N P?,q6,n!TITY

T= 12.0 T= -6.G T=-24.0

0.00o
O.non
o.000
0. 0 0o
o.non
0. 000

.0o
0. 00)
0.000
5.00^
0.0n0
0. 00 0
0. 0 00)
o .n on
0.00 0
0.000

0.00 0
0.000

0. 000

o.nooo0. 00o

o.oon
0. 000
0.0 00
0. o00
0.00 0o. noo
0.000
0. 000

0. 000
0. 000

0.0000. 0o0
0.non

0. 000
0.000
0 .000
0. 000
0. o0o

0.00 2
9.Gn1
0 .000
0 . 00 0
3 .000
0. 000
(. 000
a .00 U
0.000
0.000
0 .000
0.000
0.000
0.000
0.000
0.000
3.000
0.000
0. 000
0. 000
0.000
0.000
O.000
0.000
D-000
O*0.00
0. 000
0.000
0.000
0. 000
0.00 0
0. 000
0. 000
0.000
0.000
0-000
0.000
0.000
0.00 0
0.000
0.000
0. 000

0.944
0.930
0.913
1.9C9
0.887
0. 858
0. 822
0. 777
0. 726
0.665
0.59 0
0. 513
0.454
3.405
0. 360
0.321
0.2 84
0.246
0. 211
0. 181
0.156
0.148
0.126
0. 108
0.0 93
0.078

0.065
0.0 53
0.04 3
0.0 34
0.027
0.0 17
0.0 14
0.0 11
0.009
0.007
0.005
0.005
0.004

.O0O3
0.003
0.00 2
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OPTIOtNS T
t1UTPUT A3 VLF P01PAGATION STUDIES

AVFR4aE Pk48AeL'TTLS FMR FIXED THRESHILDS

.,PP 74(VLFACA4)5ERO04

TRANSMITTER NAA
POWER =1OuO.'lKW
FREQUENCY=i7.8 KHZ

RECEIVER LOCATIIONS

LAT(OEG) LON(OEG)

34.4N 149.9E
33.5N 149.4E
32.6N 148.9E
31.7N 148.4E
30.8N 147.9E
29.9N 147.4E
29.0N 146.9E
28.0N 146.5E
27T1N 146.OE
26.2N 145.6E
25.3N 145.1E
24.4N 144.7E
23.4N 144.3E
22.5N 143.9E
21.6N 143.5E
20.7N 143.1E
19.7N 142.6E
18.8N 142.2E
17.9N 141.9E
17.0N 1,I.5E
16.0N 141.1E
15.1N 14C.7E
14.2N 140.3e
13.2N 139.9E
12.3N 139.6E
11 .4N 139.2E
10.5N 138.8E

DISTANCE

(DEG)

94.C
95.0
96.0
97.e2
98. 0
99.0
100.0
lul.0
102.0
103. 0
134.0
105.0
106.r
107. 0
108.0
1o9. 0
110.0
111. 0
112.0
113. n
114.0
115.0
116.0
117.0
118.0
119.0
120.0

TRtNSMITTE? LOCATIOwN 44.7N 67.3W

S PROBABILITY

T= SU.O T= 48.0 T= 30.0

0. ORO
C. uno
0. 00
O. GOG
0.0O
0.000

o. 0no
0U.000
0. O 003
0- .G
o . 3n
O.O00
C0U"0
0.0031
0. 000
U. U U
0. 00o
0. 000
0.O-Gu
0. ono
0.000
o. oro
0. OQ9
0. 003
C .000
0.000
O. 000

0. 000
n.oon
0. 000
0. 000
0.000
0. 000
0. 000
0.000
0. 000
O. 00a
0.000
0. 000
Q. 000
0. 000
O 000
0.090
0. 000
0. 000
O . C00O
0. 0OG
0. 000
0.000
0. 000
O. noo
0 . 000
0.000
n. 000

0. u0c
0.o00
0. 000
0. 0001
J0.Ou
0.000
u.0-0
0. 000
0. 000
. UOC

0. 000
0. 000
0.000
0. 000
0. 000
0.uOU
0. 000
0. 000
o.00c
0. 000
0. 000
O .0OU
0. 000
O.000
i-00C
0. 000
U. 00

MONTH JUL
NOISE sw = 1 KHZ
BEARING = 330. DEG

S/N PROBABILITY

T= i2.0 T= -6.G T=-a4.0

0.roo

0.00on
0 00
0. 000
0. 000
0. 0 00)
0.000

0.,000

0.000
0.100
0. 000
0.0000.000

0. 001(I

r.non
0.000
0. 000
0 .000
0 . 000
0.000

0.000
0 .000
0.000
0.000
0. 00
0. 000
0 .0 00
0. 000
0.000
0 .000
0. 000
0 .000
0 .000
0 .000
i.000
O.000
0. 000
0.000
0 .000
0 .000
0.0 00
.000
0. 000
0.000
D.000
0. 000
0.000

0.o02
0.012
0.001
0. 00 3
a.Oc2
0. 002
O.OC2
0. 001
0. 001
31.001
0.00*1
0.001
0.OG1
0.001
0.0C1
0.000
*0.000
0.Oo0
0. 000
0. 000
O. a0o
O.000
0. 000
0. 00t
0.000
0. 000
1.0c0

IIT! I T C CV1M n
., . ,,, I I I , , -. . .

z

x
t10
100
H
00
Un

0



8PT!ONS T
RUTDUT A3

TkANStITTER NAA
PIWE R =10O.eKW
FPEQUVNCY=17.8 K"I

RECEIVER LOCATI.NS

LAT(DEG) LON(DEG)

49.0N
49.3N
49.66N
49.9N
50.2N
50. 5N
53.7N
50.9N
51.2N
51.3N
51.5N
51.6N
51.7N
51.8N
51.9N
52.3N
52.0N
52. ON
52.0N
52.ON
51.9N
51.8N
51.7N
51.6N
51.4N
51. 3N
51.1N
50.9N
50. 6N
50.4N
50.1N
49. 8N
49.5N
49.2N
48. 8N
48.5N
48.11N
47. 7N
47.3N
46.9N
46. 4N
46.QN

54.1IW
52.6W
51.2W
49.7W
48 .2W
46.79t
45 .111
43.6W
42.r4
40.5W
38.9W
37. 3W
35 .7W
34.19t
32. 5W
30.9W
29. 2W?
27.6W
26. OW
24.4W
22 .79W
21.114
19. 51
17.9W
16.3W
14. 8W
13.7W
11 .6W
10.1U

8.66W
7.1 W
5.6W
4. 1W
2.7W
1.29t
0.2E
1.6E
2. 9E
4. 3:
5.6E
6. 9t
8.?:

9
VLF PR'DAGATION STUDIFS

AVERA-,E PP"7lOALTLTTICS FOP 'IXED THRESHILDS

TRANS'.ITTtE LICATION 44.7N 67.3W

uISTANCF

(DEC )

ol .e2
11.12
12.1
13.0
14.0
15.0
15.1C
17.0
18.0
1 9 .1
20.0
21.0C
22.0
23.0
Ž4.0
LŽ5*0

26.0
27.0
_8. 0
£9.0
30.C0
31.0
32.0
33.1C
34.0
35.0
36.0
37.0
3s.0
39. 0
40.0
41.C
42.0
43.0
44.0
45.0
46. 0
47.1C
48.0
49.0
50.0
51.0

S PPOBA31LITY

T-= AS.O T= 48.0 T= 30. d

1. GOd,
1 0%" 

1. 0 12
1. 0 1 0
1. ono
1.00J

1. G^S

1. 0102
1. 0e%
1.000
1. 009
1- 0123

1.0%
1.0O
1. 909
1. 9 99
1 . 0 09

& . 9OQO

1. 99'J

1.1201

1.954
1. 9 2%
1.0O0
1. 905

1.09r" 91 . ("n )

0. 999

0.999*- 998
0.997
v.. 996
0. 994
O. 992
0. 989
0. 9"S
0.977
0. 96S9
0. 942

I 0 000
1. oon
1.125G0

1.00'd
1.0 00
1.0 00
*.000
1.0 00

1.000
1. 012121. 000
1. 05Q
1.000O
1 .000
1. CCO)
1. 000
1.000
1.000

1 . COO 1. 001
1. 000
1.000
1.000
I * 00 0
1.000
1. 000
1.000
1. 00 0

1. 000
1.000
1. 0 10
1.000
1.000
1.G00O
1. 000
1.000
1. 0Son
1. 000
1.000
1.0on
1. 000

1. 00o
1. 000
1. V.ol2
1. S00
1. 0100
1. GnG
1. 000i
1.000
1. 00..
1.012O
1.000
1 .c01
1. 010
1.000
I. 0O 
1. a00
1.000
1.0OU
1. 000
1. 00C
1.000
1. 000
1. 001
1. 000
1.000
1 . 0 1
1. 0G0
1.000
1.000
1. 00 
1.000
1.0012
1.000
1. 000
1. jCJ
1. 000
1. 030
1.O0G
1.000
1.000
1 .0n1
1. 000

NCPP 74(VLFtCA)SrRCl'4

M ONTi JUL
NOISE BW = I KH7
BEAR1.IG = 60. DEG

SI'N 0ROBA91LITY

T= 1?.0 T= -6.0 T=-24.0

1. 0on
1.1200
1-nol
1.000
1.0 0 n
1.1n
1. noo
i.non

1.1oo0
1. 0o01
1 .non

1. 0o0
1.000
1.10on
1. 1n2 

1 .1 0"M
1 1 OF,
1.00"
1.000
1 .on

1.000
1.non
1. 12 OO
0. 999
n.99e
0.997
n. 994
n .9 90
12.985
0.978
O.967
0) .95 3
0.93e
0.919
o.e97
0. 271
0.844
3.1214

1. 0G0
1.1000
l.00OO
1. 000
1. 000
1.000
1.000
1.000
1.ons
1.000
1.000
1.0J0 
1. 0 0 0
1.000
1.000
1.000
1. O 0
1.d00
1.000
1. J 00
1.00 0
1 *000
1.000
1.000
1.000
1. 00 0
1. 00 0
1.000
1.on0
1.000
1. 0 0 0
1. 0 O 0
1.00 0
1 . 0O0
1.0on
1.000

.0on0
1.000
1.000
1.u0o
1. 0n00
1.000

1. COO
1.C90
1.0tO
1.0 00
1. 0 00
1. O (0i
1.000
1.000
1.C0O
1.000
1.0 00
1. C 09
1. 0 121
1.OC0
1.Oc0
1.00 0
1. 0 00
1.000
1.000
1. 0 C 0
1.000
1.000
1.0oe
1.000
1.0o00
1.040
1.000
1.000
1. 0 00
1.000
1.000
1.0C0
1.000
1.00
1. 000
1.0 00
1. 000 
1.000
1.000
1.0CO
1. 000
1.000

m-
10

0

z

F.n



OPTIONS T
OUTPUT A3

9
VLF PROPAGATION STUnIES NGPP 74(VLFACM)SER004

AVERAGE PRrJ8AETLTTIES FhR FIXED THRESHOLDS

TRANSMITTER NAA
POWER =10u.OKiW
FREQUENCY=17.8 KHZ

RECEIVER LOCATIONS

LAT(DEG) LON(DEG)

45.S5N
45.ON
44.55N
44.0N
43.5N
42.9N
42.4N
41.8N
41.3N
40.7N
40.1N
39.5N
38.9N
38.3N
37.6N
37.ON
36.4N
35.77N
35-1N
34.4N
33.77N
33.11N
32.4N
31. 7N
31.0N
30.3N
29.6N
28.9N
28.2N
27.SN
26.7N
26.ON
25.3N
24.5N
23.8N
23.1N
22.3N
21.6N
20.8N
20. 1N
19.3N
I S. SN

9.5E
i0.7E
11.9e
13.1E
14.3E
15.5E
16.6E
17.7E
18.BE
19.9E
21.OE
22.0E
23. CE
24.OE
25.0E
26. OE
27.0E
27.9E
28.8E
29.7E
3C. 6E
31. SE
32.4E
33.2E
34.1E
34.9E
35.7E
36.6t
37.3E
38.1E
38.9E
39.7E
4C1.4E
41.2E
41.9.
42.7E
43.4E
44.1E
44.3E
45 .5
46.2E
46.9E

DISTANCE

(DEG)

52 .2
53.0
54.C
55 .0
56.0
57.0
58.0
59.050 .
61.0
62.0
63.Cs
64.0
65.0
66.C
67.0
68.0
69.e
70.0

71.0
72.0
73.0
74.0
75.C
76.0
77.0
78. 2
79.0
80.0
81.0
82.1
8 3. 0
84. C
8 5. 0
86.0
87 . C
88 .0
89.C
90.5
91.0
92.C
93..0

TRANSMITTER LICATION 44.7N 67.3W

S PROBABILITY

T- 60.0 r= 48.0 T= 30.0

C .945
0.93Ž
0. 912
0.8R 7
0. 863
0.832
0. 801
L.766
G.72S
0.679
G.6?5
0.5712
0.513

C.4565
L .415
0.373
O . 312

0.2583
0.226

G. 173 0

0. O1'

0.146
is..? S

J:. (j 3
0.069

*. 0 3 9
0. es6G.046

0 305

O. 02)

t]. 0 2 

u. f,17
0.C35t'?9

li .is 1 

1.OG0
1.000
1.0 00
1. 000
1.000
1.0on
1.000
1. non
1 . 0oo0
1. OC
1. no0
1.0100
1. 000
1. co0
1. 1281
1. Coo
1. 000
i .090
1. 0oo
0. 999
r 999
0. 999
0.998

O.995
9 .993
0. 990
0.986
n.9182
0. 955
0.946

.935
0. 924
0. 910
P .895
0.879
0.861
O . 939

1.819
7.797

1 .773

1. 00)
1.000
1. 000
1.000
1.000
1.J00
1.3100
1.00c
1.30G
1.000
1. 000n
1. oeu
1. 0 0 0
1. 0c00
l. n21
1.3000
1. 0n%
1. 0 00
1. 000
1.000
1.a01
i. GOO
1. GO0
1.GOG
1. 00)
1. D01,
1.J03
i. 000
1. jO0
1. J 0C
1. 0 00)
1. 00O
1.8 121
1.0100
1.00)
1.00c
1. 000
1.000
1.800
1.000
1.000
1 .uos

DONTH JUL
NOISE BW = 1 KHZ
BEARING = 60. DEG

S/N PROBABILITY

T= 12.0 T= -6.0 T=-24.0

0. 78 2
0.753
Q . 698
0. ';70
O. 64a
n .627
0. 6e7
12. 587
0.5 69
0. 547
0. 52R
r .5 0
0. 469
1.438
0 .415
0.391
.1.368
r) .345
0.323
0.302
0.?Bl
01.261
1.244
Q .7 29

0.?12
0.1 97
0.176
0.15?
0. 131
e.li?
0.1 16
0.103

0.91
0. 082
0.072
0.sb4
o.ess
n.5?2
0 .347
0.043
(.339
0.035

1. 000
1. 0010
1.000
1.0010
1.000
1 .000
1.000
1. 000 
1.000
1.000
1 . 00 0
1.000
1.000
1. 000
1 .Oo
1. 000
1.000
1.00O
1.00 0
1.000
1.00 u
1.000
1.000
1 .oou
1.000
0.999
3 .999
3 .999
0.998
31.997
0.99 0
0.987
O .982
0.977
D.971
1 .964
0.95 7
1. 9510
D .941
0.934
0.929
0.922

1.000
1. 00i0
1.0O4o
1.0 00
1.000
1.ooe
1.0 00
1.OOQ
1.000
1. 0 00
1.000
1.000
1.0 00
1.ODO
1. a 00
1.000
1.OCO
1. oo0
1. 000
l.OGO
1.00C
1. 0 00
1.OuD
1.000
1. 000
1.000
1.0oo
1.00G
1. 00C
1.0 0
1.0 00
1.0CO
1. 000
1. 0 00
1. 0 00
1.000
1. 0 00
1. o0
1. OCO
1.000
1.COO
1. OG

RI!T IJT cCyi n!fn

U'.

r
m

x
100
0

I
00

'-
CD



OPTIONS T
OUTPUT A3

9
VLF PROPAGATION STUDIES

egeereee
NCPP 74CVLFACK)SER004

AVERAGE PP3NA8TLTTIES FOR FIXED THRESHOLDS

TRANSMITTER NAA
POWER =lOQ0.0KW
FREQUENCY=17.8 KHZ

47.6E
48.2E
48.9E
49.6E
50 .2F
50.9E
51.SE
52.2 E
52.8E
53. SE
54. IE
54.7E
55.4E
56.0E
56.6E
57. 3E
57.9E
58.5E
59. 1E
59.7E
60.4E
61.OE
61.6E
62.2E
62.8E
63.4E
64. OE

TRANSMITTEQ LOCATION 44.7N 67.3W

DISTANCE

(DEG)

94.0
95.0
96.0
97.0
98.0
99.0

1'30.0
101.6
102.0
103.0
1u4.0
105.0
1u6.0
107.t
108.0
109.0
110.0e
111.0
112.0
113.0
114.0
115.0
116.c
117.0
118.0
119.':

ofi~ ~ ~ ~ ~ ~~~~~~2.

S PROBABILITY

T= 60.0 T= 48.0 T= 30.0

u.Cs060. 005
G . ons
0. 004

0.002
C.. on2
0 . v0 
0.0012
0. 0 01

D.Un1
0. On 1
0.001
C 0. o
0.000
C. t; c
C .UO^J
0.0101
0. uO.2
0.00C
0. ono
C-. 00
0 . 000
0.000
o. 00o
C. 00c
0. Ono

0. 748
0.721
0. 693
0. 663
).633
0. 608
C. 582
0. 556
0. 530
C. 504
D.478
0. 455
0. 430
0.406
0. 382
1 .359
^.336
0. 314
0. 293*. 273
0. 254
1. 235
".218
0.202
0. 1 8 7
O.173
0. 159

1. d0'
1. 000
1.000
1 00C
1.000
1.000
1. 000
1.000
1.000
1. 000
1.00 0
1.000
1. 001
1. 000
1. 000
:. 0o0,
1.0on
1.000
1.0OO
i .ODO
1. o0o
1. * 00
0 .999
0.999
0. 999
3 .999
0.999

MONTH JUL
NOISE B = 1 KHZ
BEARING = 60. DEG

S/N PROBABILITY

T= 12.0 T= -6.0 T=-24.0

0.02Q
0.0 26
0.023
0.n22
0.02 0
0.10 18
0. 1 16
0. 0 1 3
0.012
o.nll
0.0 10
0.0 0 9
O.Q09
0.00p
0.00 8
0. n 0 7
'31.00 7
0.n16
0. 006
0.00 5
0.n05
o .-0 i4
0. 1 0 4
O.nO4
0 .03
0. 0e3

0.917
0. 913
0. 910
3. 908
0. 916
0.912
0.9n7
0. 903
0. 888
0. 883
0. 879
0. 876
j.874
0. 871
0.86 9
0.866
0. 862
0. 859
0. 855
0.851
0. 842
0.8 31
0.8 19
0.807
0 .799
0 .792
0.7 84

1.QOO
1.0 00
1.0 00
1.000
1.000
1.000
1. 000
1. 00O
1.000
1.000
1. 000
1.0 00
1. 000
1.000
1. 000
1.000
1.0 00
1.000
1.0-C
1.0 CO
1.0 00
1.0IO
1.000
1.000
1.00C
1.0 00
1.000

RECEIVER LOCATIONS

LAT(DEG) LON(OEG)

40%

17.8N
17.0N
16.3N
15.5N
14.7N
13.9N
13.2N
12.4N
11.6N
10.8N
10.1N

9.3N
8.5N
7.7N
6.9N
6.1N
5.4N
4.6N
3.8N
3.3N
2.2N
1.4N
0.6N
0.2S
0.9S
1.7S
2.5S

X

C(I

30

0

10
V]

rl



MPTIONS
OUTPUT DP1

T
YLF FOD1AGATIMN STUDIES NCPP 74(VLFfC4)StR0V5

Tk'ANhiTTrR NSS 39. ON 76.5W
AECI TVF'R G8aY j3.4N 60. 5W
3F.APTNG = ! Ž.,JG PDSTANCE =

FREQUFNCY = 23.4 KOZ
NOISE bW = 1 KHZ

P'WrR = 50;.QKW

MONTH JUL

S/NCOB)

19.5
2s9.
29. 5
30. 0
30.4
30. 5
30. 7
30. 9
26.0
24. 9
24. 5
2 4. 4
24.8
15.5
26. 1
26.6
26.7
26. 0
24. 7
23.a
21. 5
20.4
19. 8
19. 7

SIGMA(S) SIGMACNU) SIGM&CSN-L)

2.31
3.4
3. 4
3.4
3.4
3. 4
3. 4
3.4
3. 4
3.4
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2 .0
2.0
2.0
2.0
2. 0

18.10EG

GMT

00
01
02
03
U4
05
06
(i7

08
09
1)
11
12
13
14
iS
1 S
17
18
19
20
21
23
2 3

SCDB)

6 5.6
77.1
7 7 . 1
77. 1
77.1
77.1
77. 
77..1
70.4
66. 9
65.8
66.u
66.2
65.4
66.6
66.6
66.7
66.7
66.7
66.6
66.4
66.3
65.1
65.8

N CDB)

46.1
4t7.4
47.6
47. 2
46.7
46.6
46.4
46.2
44.4
42. C
4 1.3
41.6
41. 4
4( .9
40. 5
40. 0

40.7
41.9
43.4
44.9
4 5. 8
46.2
46.2

3.L
3.0
2.9
2.9
2.9
2. 7
2. 7
2.8
2. 8
3.1
3. 1
3.0
3.G
3.0
2. 9
2.8
2.9
3.0
3.0
3.2
3.2
3. 1
3.1
3. 1

z

m
F.
10

10

00U,
00

3.6
4.5
4.5
4.5
4.5
4.3
4.3
4.4
4.4
4.6
3.7
3.6
3.6
3.6
3.5
3.5
3.5
3.6
3.6
3.7
3.7
3.7
3.7
3.7

NDT

D
N
N
rM
N
N
N
N
T
T
D
D
0
D
0
0
D
D
D
0
0
D
0
D

fllTllccviimn- � . - - -



OPTIONS
OUTOUT E_

T T
VLF PP')0AGtT!'9N STUPIFS NCPP 74(VLFACM)SEP305

Dd LEVELS rCO FrXED PRIBABILTTIES

TRANSMITTER ASS 39.CN
RECEIVER GPAY 53.4N
MONTH JUL
GREAT CIRCLF PATH =

p=r .990 NDT

11.1
19..2
19.2
19.6
2G.0
20.5
20.6
20.8
15.8
14.2
15.8
16.0
16.5
17.1
17.9
18.5
18S.5
17.6
16.4
14.5
12.9
11.8
11.3
11.0

C

0
Cd

In

tj

31'z
10

F.n

F.

N
N
N
N
N
N
N
N
T
T

0
0

0
0
0
0
D
D
0
D

64.1 61.7 25.6

76. 5,4
6 0. SW

18.1 OFG

GMT P=C. s5Lo

00

TR PIWEk =
FRFQUENCY =
NOTSF 8W =
TR BrARING=

P=fl.99/)

5uQ.' KW
23.4 KHZ

I KHZ
32.3 DEG

P=, . 5,.r

00
a i
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

DB LEVEL
EXCEEDED

SCOB)

P=O. 930

63.0
7 . 8

72a.87Z.8
72.8

72.8
72.13
66.1
6 . 6
63.2
63 . 5
6 3.7
63.8
64.0
64.1
64.1
6 4. 1
6 4.1
64.3
63.9
63.7
63.5
63.3

65.6
77. .
77.1
77.1
77.1
77.1
77.1
77. 1
70.4
66.9
65.8
66 .3
66.2
66.4
66.6
66.6
66.7
66.7
66.7
66.6
66.4
66.3
66.1
65.8

60.9
6 9. 3
69. 3
69. 3
6 9.3
6.9. 3
6 9. 3
69. 3
62.6
S9. 1
61.1
6 1.4
61.6
61.8
61.9
62.0
62.0
62. 1
62.0
61.9
61. 8
61. 6
61.4
Si.2

S/NC DP)

P=t QOO

14.9
2 4. 0
73.8
24.3
24.7
'5.0
25.2
25.3
20.4
19.0
t 9.7
19.8
20.2
70.9
21.6
?2.2
22.2
2 1.4
20.1
18.4
16.8
15.7
15.1
14.9

19. 5
29.8
29.5
30.0
30.4
30.5
30. 7
30.9
26.0
2 4. 9
24.5
24.4
2 4. 8
75.5
2 6. 1
26.6
26.7
25.0
24. 7
?3.2
21.5
20.4
19.8
1 9. 7

67. 6 I1B.8 1 3.8



OPTIONS
OUTPUT B3

T T
VLF PQCPAGATION STUDIES

PROBABILITTES FOR FIXED THRESHOLDS

NCPP 74(VLFACM)SER005

TRANSMITTER NSS 39.0N
RECEIVER GBAY 53.4N
MONTH JUL
GREAT CIRCLE PATH = I.8.1 DEG

S PROBABILITY S/N PROBABILITY

T= 30.0 NDT

D
N
N
N
N
N
N
N
T
T
D
0
0
D
0
0
D
0
D
0
0
0
0
D

z
Fo
10
-O

10

00

oom
00

fil1 J1ctCV1'Kifn

76.5W
60.5W

GMT T= 60.0

TR PIWER =
FREQUENCY =
NOISE B =
TR BEARING=

".0

500.OKW
23.4 KHZ

1 KHZ
32.0 DEG

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

DAILY
AVERAGE

0.997
1.000
1.000
1.00 0
1. 000
1.000
1. 000
l.O00a
0.999
0.980
0.998
0.998
C-999
0.999
0.999
0.999
0.999
0.999
0.999
0 . 999
0.999
12.999
i.999
0.998

J.998

T= 66.0

0.420
o .999
0.999
0.999
0.999
0.999
0.999
U * 999
0.905
a.604
0.457
0.504
0.546

0.608
0.627
0.637
0.6 38
0.630
0.613
0.588
C.554
0.514
0.466

u.704

T= 72.0

0.001
0.937
0.937
0.937
0.937
0.937
0.937
0.9 37
0.316
0.0 64
0.00 1
0.002
0.00 2
0.003
0.003
0.004
0.004
0.004
0.004

.004
0.003
QU.02
Uo.002
0. 00 1

T= 18.0

0.664
0.995
0. 995
0.996
0.997
0.998
0.998
0.998
0. 967
C. 934
0.959
0.963
C.971
0.982
0.989
0.993
0.993
1.987
0.9712
0.917
0. 829
0.745
0.693
0.674

T= 24.0

0-110
0.899
0.893
0.909
0.924
0.934
0.940
0.944
0.6 75
0.576
0.552
0. 543
0.589
0.661
0.723
0.775
0.779
0.707
0.5B2
0.4 12
0.256
0.168
0.129
0.123

01. 617

. 0002
0. 481
0.459
0.498
0.5 34
0.549
0.566
0.585
0. 177
0.132
0. 070
0. 059
0.0 74
0. 105
0. 134
0. 166
0.177
0.130
0.0 72
0. 033
0.0 12
0.o005
0.003
0.003

O.291 0.925 0.2V9



HAUSER, RHOADS, AND KELLY

' iOC E. r~'c IS2j i Kh1Z )
MI N SOK 

JUL (RLL HL'JUF~)

a.P.Tq NaWM St' sii.Z
.5 / j1

LR'4 LOlN

S S S!Nl Qi~ F -1, 0, 'UJC-

Mi I N 4 C3 -200 0
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.o -r i;'1> 5 9 c 9 ~ 3 -i~ j ; 3 3
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= s V =; F TA r nr~~~~~~~~~~~~~~~~~~~~~~~~~~~4

Fig. B2 - Sample plot from the SEGCON Program for Serial No. 003
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NRL REPORT 8530
a:
C-.,r

1"7

Pr
MIe

LONG- WRVL PFR5PRcqfFN CENTER NC0IP / (5LR0O )

30

NOR (00C0.0KW; 7.2OKMZ)
W2i (qLL HDiURS)
020z Tq (NrstL 51-WKh2)

L.RI LON'
NWR 44. 70 -F7. ,0

fl-
(N

0"1

Fig. B3 - Sample plot from the POLCON Program for Serial No. 001
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HAUSER, RHOADS, AND KELLY

LONG- WAVE PROPrGflrION CENTER Nc0P OAM (SEROCO j

360

53K-is .i **'t, -I'h, ,,,,,h

JUL O !L. hGL±Krd, J

;'. J Iq '!.'.. '. ,''L L hZ

or:' 'Lam7

'8 ! 1 , ,.. 3 1

r(N

098

Fig. B4 - Sample plot from the POLCON Program for Serial No. 003
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NRL REPORT 8530

0 JRN!IIUN '!'!!L ('IT 3R. 7 -5 ', PYcV C 4 A'' , . 5 7 Z 2 L P' 0 .I

I

i 1 : 01 X.

g ~ ~~~~~~~~~~~~~ \0 i- 1~ I0Xf

02 Dd 06 008 iO 2 1 A 6 j

T7 ME>UjT 

0.6 , 1

Fig. B5 - Sample plot from the B3PLOT Program for Serial No. 005, BI Option

- .q'Y ! ! !! !! ' 1 ('iT -1. 21 *i,'5, 'NR1 T 3 4N -; r " 2 4'''Z Jj, 71 o;. 'r ',~ '. 'l'y
. 1N1 [ !!' I J , <. s(7r -71.2N TN5 Ns' NC! ss 4N' ',,I ! 'Nr 7 2 4!:'.Z J;, J.!,' F J,'y

I, P 1 '! ! 1 !1 W i ! ! ! ! j TN7 !3-1 N 'r, '1 , 3 4 53 N' '. i 2'i 4'-7 J S..

u 04 06 C

T E I I'

Fig. B6 - Sample plot from the B3PLOT Program for Serial No. 005, B2 Option
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HAUSER, RHOADS, AND KELLY

El JRMIIIIIN 131M XN!T 34.3'! 75 . e P,(I\' ., '52.J.W ' 2. 4>|11 J.O, s
O7 JRW11[IU I!! IlllE YMT 3S , N 75,Nf PTL 53 4%N A3§ r53 23 4!;!1Z JJ. S

Z, JRIII 1111 N I ! I I IL XM T 3. 'N 75.)W' Pe. N3 4N (As' ' 2 4h' Z JJ, ;

1.00 - - - - -

0.900

0.0SO

- 0. 70

CO1

Cr3 0. 40
cr

.,1

0. AO

0. iC0

0. 00.

5 ,, " 1, Dr I -1,rlWU~'2 I Ir.r So- 'J;'Ni
7,2. 3 I r '3L3 2

TII 1i T 

Fig. B7 - Sample plot from the B3PLOT Program for Serial No. 005, B3 Option

LONG WAVE PROPRGRT]DON CENTER NCPP 74 (SERO]3 )

I I I I I I I

i . 2 dI ST' ( E'GRAMETE'RS )

9 I i
9, jQ i~ I

NRR ( I O''0. . O0bN j 7. COWHZ3
JJ. (qLL HIUP.'S)
0. 00 TI iND'SE Sh'.-iKHZ)
S/N IREmNC-270 +

LRr LON
NRR 44. 7C -'7. 30

NRR ( I COL. 0KW. J 7. MNHZ)
JLJ. (RILL HOURS)
0.90 TR (NDI5E 9V-/iK4Z)
S/N ERRINC-- eD ,

LR r LON
NRR 44. 7C -6 7.30

N RR ( I M 02D .0 OK 7. 0KYZ )
Jd.. (ALL HDURS)
0. 00 TI (NClT5L 5W-jKu-IZ)
5/N 9LIRINC0 90 o

LI r LON
NRR 44. 70 -fi7. 30

NRR (1000.OKWsi7. OKHZ)
JUL (ARLL HOURS)
0D90 TI (NOV5E 5W- iKHZ)
S/N 95LRRNC- 0 a

LIAr LON
NRq 44S 70 -67.30

Fig. B8 - Sample plot from the RADPLT Program for Serial No. 001
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