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APSTRACT

In 1963, the operating frequency of the veryv-lcw-frequency
(vlif) transmitting station NPG, located near Seattle, Washington,
was changed from 18.6 kc/s to 24,0 ke¢/s. DECO Electronics,

Inc., was contracted to predict the communication reliability

of the NPG 24,0 kc/s transmissions in the western Pacific

Ocean area. Through the generosity of a Japanese research

group at the Inubo Radio Wave Observatory in Choshi, Japan,

some experimental data were obtained and have been used to evalu-
ate the DECO predictions in a portion ¢f the arca covered, the
southeast coast of Japan,

Comparison of the experimental and predicted data show

very gocd agreement. The received field strengths, as observed,
were slightly higher than predicted. The predicted atmospheric
noise levels showed very close agreement with the measured data.
The observed communication reliability was about 76 percent for
manual cw, and was predicted to be about 52 percent. For auto-
matic teletype, the observed and oredicted reliabilities were

84 and 62 percent, respectively. Therefore, for the ocean area
in the vicinity of scutheast Japan, the reliability of NPG 2u,0
kc/s transmissions, assuming a radiated power of 250 kw, would
be lretter than predicted,

PROBLEM STATUS

This is an interim report on one phase of this prochblem;
work is continuing cu this and other phases,

AUTHORIZATION

NRL Problem 54R01-39
BUSHIPS Problem SRO008-01-01 Task 7028
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COMMUNICATIONS RELIABILITY
O TRANSMISSIONS FROM
NAVAL RADIO STATION (T),
JIM CREEK, WASHINGTON,
NPG AT 24,0 KC/S

INTRODUCTION

Efficient deplcyment of fleet ships requires an ability
to predict the reliability of communications over a long
period of time and in any ocean area of the world. One of
the missions of the LLT-VLFT Propagation Center established
at the U.S. Naval Research Laboratory (NRL) is tc provide
the Navy with very-low-frequency (v1f) communication-
reliability prediction information for all the ocear areas
and to update this information continuously.

In carrying out the mission of the ELF-VLF Propagation
Center, NRL contiracted to have DECO Electrenics, Inc,, pre=
dict the communication reliability, in the western Pacific
Ocean area, for the vlf transmissions from the Naval Radio
Station (T), Jim Creek (NPG) at an operating frequency of
24,0 kc/s., At the time of this contract there were com=-
paratively little experimental data available for this
frequency for determining the various propagation parameters.

From October 1963 throuph May 1964, NPG transmissions
were made at a frequency of 24,0 k¢/s. Through the generous
cooperation of Mr, Akira Sakurazawa, the former Director,
and Mr, Katsuhiro Yamada, the precent Director of the Inubo
Radio Wave Observatory in Choshi, Japan, NRL has received
data on the field strengths of these 24L4.0 ke/s transmissions
and atmospheric noise recorded at Choshi, These data provide
the only reliable, experimertal information available for
avaluating the accuracy of the DECO (1) predictions and for
updating them, Recently, however, there have been two
experiments, one airborne and one ground based, performed
in the western Pacific Ocean area to c¢btain a2 better under-
standing of v1f propagation in these areas at frequencies
above 20 kc/s, The airborne experiment vas performed and
reported by NRL (2), while the ground-based work was
carried cut by DECQO Electrenics, Ine,, and will e reported
soon.,

The purpose of the present report is to publish the
experimental data recorded at Choshi, Japan, by the Japanese

investigators and to compare these data with the predictions
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by DECO for thet area. The transmission field-strength da:a
can be extrwpo. ated to other areas of the western Pacific
Ocean, but the great variability of the atmospheric noise

in that ares precludes auy extrapolation of the signal-to-
noise-ratio uata.

CHOSHI DATA BACKGROUND

A vl1f radio-wave-propagation recsearch program has been
carried out at the Inubo Radio Wave Observatory since 1960,
or before, Until March 13964, Mr, Akira Sakurazawa was
Director of this Observatory, and it was through Mr,
Sakurazawa that NRL received the experimental cdata reported
here. Mr, Katsuhiro Yamada is now the Director of the
Observatory, and the informal exchange of unclassified v1f
propagation information between that organization and NRL
has continued.

The reporting of the Choshi data presented here has been
delayed considerably while efforts were made to determine the
techniques employed in recording the data and reporting it to
NRL so that its processing and analysis by NRL wculd be more
accurate. The differences in language and national customs
prevented a complete urnderstanding of these techniques,
Therefore, certain assumptions, which are considered to have
a high probability of being correct, had to be made by NRL,

It has been assumed that the atmospheric-noise data recorded
at the Inubo Observatery are the average values of the noise,
and that the field-stremngth-measuring equipment was calibrated
using an rms meter as the reference. It could not be ascer-
tained whether the data as given to NRL were signal plus

noicse and noise, or signal and noise. It was assumed that

the data were signal plus noise and noise, This ass» - ption,
therefore, if incorrect, produces pessimistic results. That
is, it results in the field strengths of the NPG transmissions,
as reported here, being equal to or slightly less than the
true value. This means that the experimentally determined
signal-to-noise ratios presented are also equal to or slightly
less than the true values. The atmospheric-noise data were
unaffected by this latter assumption,

The atmospheric-noise data recorded at Choshi were in an
80~cps bandwidth, but, except as noted, the data as reported
have been normalized to a 100-cps bandwidih. The three-
minute key-down and key-up periods: provided by NPG approxis
mately every hour or twc hours were used for obtaining signal
and atmospheric-noise data. The signals were received on a
sloping wire antenna 40 meters long with the open end 20 meters
above the ground., The receiving system was calibrated by use of
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a loop antenna and a standard field-strength meter.

It is impossible to state an absolute measurement
accuracy, but it is believed that the overall accuracy should
be consistent with the general state of the art for such long-
term field-strength mcasurements.

CHOSHI CXPERIMENTAL DATA

The field strengths of the NFG (24,0 kc¢/s) transmissions
and of the average atmospheric noise, and the ratic of these
values (S/N) recorded at Choshi, Japan, from October 1963
through May 1964 are presented in various forms in Figs. 1
through 48,% In these graphs, the NPG field strengths have
been normalized te a radiated power of one kilowatt (kw),
while the average atmospheric noise levels have been normalized
to a 100-cps bandwidth, with the signal-to-noise ratios being
the ratios of these normalized values. Tigures 1 through 40
present the data on a monthly basis, with each successive
group of five figures being the data for each succeeding month
presented in the same formats. For instance, Figs, 1 through
5 are for October 1963, TFigure 1 shows the hourly mean, plus
and minus one standard deviation (¢ ), of the NPG field
strengths, TFigure 2 gives the same type of information for
the normalized signal to average atmospheric noise ratios
(S/N), and the number above each data point indicates the
number of data samples at that hour for the particular month,.
The same type of information as given in Figs, 1 and 2 is
given in Tip. 3 for the average atmospheric noise. The
number of data samples is identical for both signal and
atmospheric noise field strengths and is the same as that
given in the signal-to-noise ratio plots. The cumulative
probability distribution of the NPC and average atmospheric
noise field strengths, and normalized signal to average
atmospheric noise ratios (S/N), are given in Figs. 4 and 5,
respectively.

The data contained in Figs. 1 through 40 have been
combined into seusonal cumulative probability distributions
of the NPG transmissions, signal-to-noise ratios, and average
atmospheric noise,and are presented in Figs, u4l, 42, and 43,
respectively., The cumulative probability distributions of
the NPGC field strengths and signal-to-noise ratios recorded
when the propagation patl. was all in daylight, darkness, or
transition are given in Figs. #4 and u45, respectively. The

o,

* All figures are bound consecutively at the end of this report.
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cumulative probability distributions of all data samples
recorded between October 1963 and May 1964 for the NPG field
strengths, signal-to-noise ratios, and average atmospheric
noise are given in Figs, 46, 47, and 48, respectively.

It should be noted that the number of data sampls re-
corded during *the winter (December 1963 through Februar, 1964,
rigs. 41 through 43) is greater than for any other season, and,
therefore, the winter data greatly influence the cumulative
probability distributions plotted in Figs. 46 through 48,

The periocd of the data and the number of data samples pre-
sented were limited by the duration of HNPG transmissions at
24.0 kc/s and by the number of three-minute, key-down and
key-up periods provided by NPG, There are only %“wo months
of data recorded during the fall season. Although three
months of data were recorded for the spring season, the
special NPG transmissions were sent only at two-hour inter-
vals, 8Since the NPG transmissions were at 18,6 kc/s before
October 1963 and after May 1964, there are no 24,0 kc/s data
for the summer months. The seasons quoted, of course, are for
the propagation path from NPG to Choshi, Japan, which is
entirely in the northern hemisphere.

DECO PREDICTION METHODS

As previcusly stated, DECO Electronics, Inc., through a
contract with NRL, predicted the field-strength probabllitw
and communication reliability fe¢r the NPG, 24.0 kc/s trans-
missions in the western Pacific¢ ‘'cean area (1), These proba-
bility predictions were for all htours of the vear and evolved
from the following procedures,

1. The median field strengths of the transmissions were
calculated using the waveguide-mode equation for many re-
ceiving points in the area of interest when the entire propa-
gation path to each peoint was in daylight, transition, or
darkness.

2. Since the field strength at a distant receiving point
is not constant even for the same solar conditions, the distri-
bution of the field strenpth with time had to be determined.
Based partially on experimental data and partially on estimates
of uncertainty factors, the standard deviation for this log-
normal distribution was established,

3. The rms atmospheric noise levels, and their distribution

with time for the various receiving points, were determined
from Report 322 of the International Radio Consultative
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Committee (C,C,I.R.) (3).

4L, The calculation of field-strength probabilities was
done using the information in (1) and (2) above.

5. The communication-reliability predictions wecre
calculated by time correlating the field-strength and
distribution data from (1) and (2) with the atmosnheric~
noise data from (3),

In the calculation of the median field strengtns,
discussed in (1) above, the only time-dependent variable
was the ionospheric condition; that is, whether the entire
proparation path was in daylight, transition, or darkness,
Consequently, the calculated ficld strengths had no scasonal
dependence, This condition is normal for most field-
strength predictions of this type. Therefore, the calcu-
lation of field-strensth probabilities by DECO for all hours
of the year was dependent upon the seasons only in that the
number of hours that the propagation paths were in davlight,
transition, or darkness varied with the season, The atmos-
pheric-noise levels predicted by C.C.I.R, (3) have a diurnal
and &4 seascnal dependence, Therefore, the comnunication-
reliabilitv predictions had both a seasonal and a diurnal
dependence,

The above discussion of the methods used by DECO in
arriving at their predictions provides background information
for the comparison of the experimental data presented here
with the predictions, This comparison is complicated by the
experimental data being for only eight months of the year and
the predictions being based on a full year.

COMPARTCON OF EXPERTMENTAL AND PREDICTED DATA
Transmission Field Strengths

The experimental data were recorded at Choshi, Japan,
which is on the ccast, east of Tokyo, at 35° 42' M and 1u40°
51' L. The receiving moints tsed for calculations by DECO werce
every 10° latitude and lonritude. The two points used by DECD
that were closest to Choshi were ar 30° N, 1L0¢ L, and &0° N,
140° B, Therefore, the predicted data for Choshi have been
taken to be the averape in voltage of that
two points, The predicted yearly field strengths of NIG,
24,0 kc/s transmicsions with a radiated power of 250 kw taken
from DECO'S Table VII for the receiving points of interest,
are given in Table 1 of the present report. Also includ-:d

predicrted for these
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are tho aver soos oy the tue pedints which ore talen te be the

prediciionns foy oo,

Tohle 1

I'recicted Yearly iield Strenpibs
of NPG at 24,0 kc/s
with a Radiated Pover of 250 kw

“ocelver Leccation Mield Strength in 2b Abhove 1 pi/m
Latlituwe | Lengitude Daytime | Transition [ Hiphttime
0PN HERIRN 39.6 no, 7 3.0
300 14008 398.0 39.9 h1l.¢
360H0% TS N 39.3 3.3 42,4
“Choshi valucs were taken as average in voltage of the values
plven for the cother two locations.

) It has been well cstablished experimentally that thea
distribution of field strength with time is leg-normal. The
standard deviatien, o , nf the field strength iz dependent
upon the solar condition of the propagation path. Since
there were practically no experimental data available for
aiding in the DECO calculaticons, DECO increased the estinated
values of o, by one decibel to account for the uncertainties.
According to Croghan®y the values of Og used b ...CO for
calculations in the vicinity of Choshi werec H.,b, 4.3, and
3.7 db for day., transition, and night, respectively. DLCO
alsc states that there is an additional uncertainiy ftactor
whicn is lepg-normally distributed with a =ztandaord deviation,
adp, and wihich is also dependent upon the solar cendition of
the path. The values of o, used were 4% d4db for day, 5 dl for
transition, and 6 db for nighi. The functions yieiding i1,
and ¢, arec assumed to be irdependent, and thercfore, the
net standard deviation for rield strength during the day is
2 2 1/2

s = (o + 6 ) (L)

d e r
where ¢  and o are the daytime values. The standard
deviati®ns for the trapmsitional and nighttime conditions,

“iPrivate communization with lr. koland Croghan of DLCO
Vlectronics, inc.
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o and ¢ , respectively, can be similarly determined.
Using Eq. (1? and the values given above, the predicted
standard deviations for the NPG, 24,0 kc/s field strengths
at Choshi were calculated to be 5,4 db fuour day, 6.6 db for
transition, and 7.1 db for wnight.

The yearly field strengths predicted for Choshi from
Table 1 were combined with the above standard deviations
for day, transition, and night to give the field-strength
distributions based on the DECO predictions, and are pre=-
sented in Tig, 49, Also given in Fip. 49 are the Choshi
experimental data from Fig, 44 increased by 24 db to account
for the difference in radiated power, The average power
radiated by NPG at 24.0 kc/s from October 1963 through
May 1964 was 23.% db above 1 kw or 224 kw. The measured
and predicted data for the daytime and transitional propagation
paths agree very well. The general level and shape of the
observed nighttime data curves, in comparison with those for
daytime and transition (Figs, 44 and u49) are not as expected,
The data have been reverified, and there iz no hasis for
considering the data to be erroneous. The differences
between the day and nipht measured data could bhe the result
of modal interference, or some equipment-produced diurnal
problem resulting possibly from a diurnal amhient temper-
ature cycle. lModal interference at such a distance (7.68
megameters) is not considered very likely, however. The
predicted anl measured NPG 24,0 kc/s field strengths at
Choshi are compared in Table 2 for the three solar conditions
of the preopagation path and also for all hours combined, as
will be discussed later. Since there were no seasonal effects
considered in the predicted median field strenpgths for ecach
path condition, the lack of & complete year of measured data
does not alter this comparison.

Figure 49 shows the predicted probability distribution
of the NPG field strenpgths during the periods when the
propagation path tc¢ Choshi was in daylight, transition or
darkness,
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Table 2
Comparison of Fredicted and Measured Field Strengths

of NPG (24,0 ke/s) at Cheshi, Japan,
for October 1963 throuwgh May 1964

Median Field Strength Standard Deviation
Path (db Above 1 pyv/m ) (db)
Solar Pred.- Fred.-
Condition |Predicted { Measured | Meas. |[Predicted | Measured| Meas.
Day 39.3 41.7 =24 5.4 6.5 -1,1
Transition 0.3 43.3 -3.0 6.6 7.4 -0,8
]
1 Night 42.5 52,5 ~10.0 7.1 3.5 3.6
All Hours 4o .3 45,4 -5.1 6.l 8,0 -1.6

The probability that any field strength is exceeded during
any period of time can be determined from

P = At p tAt p tAt P
i d,i d t,1 ot n,in (2)

vhere, P is the probability that the

i particular field strength will
be exceeded durinp the pericd
considered; ,

bt WOt , and At are the proportional parts of

d,i t,1 n,i the period considered during
which daytime, transition, and
nighttime occurs over the entire
propagation path, respectively;

and
n , p s and p are the prebabilities that the
a t n particular field strength will

be exceeded during daytime,
transition, or nighttime all
along the path,.

The experimental data presented in Iig. 49 were combined
io pive the cumuilative probability distribution for all hours
over the period of observation, October 1963 throupgh May 1964,
and this 7. shown in I'ig. 50. Also included in ['ipg. 50 is
the probability distribution of the signal Tield strength
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as would be predicted by DECQO for the period Qctober through
May and obtained by using Eq. (2)., The experimental data
in Fig. 50 have a median value of 45,4 db above one micro-
volt per meter, with a standard deviation of 8 db., The
predicted curve shows a median of 40.3 db above one micro-
volt per meter and a standard deviation of 6.4 db, These
results are compared in Table 2. Comparing the predicted
field-strength probability distribution with that observed
for eech season (Iig. 41) shows the greatest error to

exist during spring. The errors for the fall and winter
ceason are about cqual but are less than these for the
spring., Figure 5 of the DECO report has been reproduced
and is presented as Fig. 52, This figure shows a pre-
diction that, when considering all hours of the year,

a field strength of 20 microveolts per meter (26 db above
one microvelt per meter) would be exceeded about 99 percent
of the time at Choshi (east of Tokyo). The observed data
presented in Fig., 50 show that this field strength was
exceeded by 98,5 percent of the data samples recorded from
October through May.

Atmospheric Noise

Certain assumptions had to be made concerning the
atmospheric-ncise data recorded at Choshi. Based on these
assumptions, which were discussed in more detail previocusly,
the observed atmospheric-noise data as reported for Choshi
are average values in a 100-cps bandwidth. The atmospheric-
noise values used by DLECO are the rms values in a l-kc/s
bandwidth and are the values predicted by C.C.I.R., (3).

The precise conversion of averape atmospheric noise levels
to rms requirces that the instantaneous amplitude probabiiity
distribution of the noise be known. This value is not
known, However, the C.,C.I.R, report (3) provides approximate
values 1or the ratio of the rms to average voltage, V.,
based on many amplitude-probability distributions recorded
at various locations throughout the world. This ratio,

V., varies with location, season, and time of day. However,
since there is not a great variation in V_, predicted fecr the
Choshi area for the seasons of interest, dn average value

of V4 was used in converting the Choshi data to rms for
comparison., The values of V, for the Choshi area for all
time periods from fall through spring were within 2 db of
the average value used, 8,4 db. 8Since the bandwidth-
conversion ratio from 100 cps to 1 kc/s is 10 db, the
average noise values recorded at Choshi in a 100~-c¢ps band-
width can be converted to rms in a l-kc¢/s bandwidth by
adding 18B.4 to all observed data presented for the overall
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pericd of October thraugh »ay. More precisely, the ratios
are 18.7 db, 18.3 db, and 18.1 db for the periods September
through Movember, Decewber through February, and March
through May, respectively.

The cumulative prosability distribution for the Cheshi
data for each sezuon are prescpted in Fig. 43, with the
combined distribution fo: al) data samples from October
through May given in Fig. 4€. The median values for the
observed averagc noise dat¢ in a 100-cps bandwidth, as
presented, in Figs. 43 and 43, were increased by the
appropriate factors tc convert them to rms noise in a
l-kc/s bandwidth, and are gi-en in Table 3 along with the
noise data given by DECU. Everything considered, the
agreement of the two sets of lata is very gonod.

Table 3
Comparison of P.edicted® and Measured

Atmospheric Noise Levels at Choshi, Japan,
From October 1963 through May 1964

Median rms Atmégggéric Noise in l-kc/s Bandwidth
(db Above luV/m)
Season®® Predicted l Measured Predicted~=Measured
Fall 2.2 38.7 3.5
Winter 37.3 3.8 0.5
Spring 39.8 44,0 -4,2
:3ll-Sprirg 35.9 38.4 1.5

#“From C,C.I.R, Report 322 (3).
#%Season in northern hemisphere.

Signal-to-Noise Ratios

The reliability of a communica ion circuit is, of course, -
denendent upon the available signal-tu-roise ratio. The
previous compariscns of the mcasurcd ond rredicted NPG field
strengths and atmcspheric noise show ra%ner good agrezaement,
in general. However, because of the tire correlation of the
signal and noise levels, it does net mecessarily follow that

the predicted and measured signal-to-mnesse ratios will also

CONFIDENTIAL
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show good agreement.

The cumulative probability distributions for the observed
NPG (24,0 kc/s) signal to atmospheric noise ratios for all
data samples are presented in Fig. 42 for each season and in
Fig. 45 for each solar condition of the NPG propagation path.
The same information for all data samples combined for the
period of observation is presented in Fig. 47. It should be
noted that the values given in Figs. 42 and 45 are the ratios
of the signal field strength, normalized to a radiated power
of one kilowatt, to the average atmospheric noise in a 100-cps
bandwidth,

The data as presented in Tilg. 47 were converted to the
ratios of NPG field strength for a radiated power of 250
kilowatts tc the rms atmospheric noise in a l-ke/s bandwidth
and are shown in iig. %1. Also included in Fig, 51 is the
rredicted signal-teo-neise probability distribution, as given
for the Choshi, Japan, area by Fig. IV - 4 of the DECO report,
The predicted mediar signal-to-noise ratic given by Fig. 51
is 0.4 db, while tha measured value is 6.5 db. The predicted
and measured standard deviations are 12,4 and 9,5 db,
respectively. If the receiving-system required signal-to=-
ncise ratio is known, the communication reliability can be
determined from Fig, 51. DILCO states that the required
signal to rms atmospheric noise ratio in a l-kc¢/s bandwidth
is 0 db feor manual ew and -3 db for automatic, 50-baud tele-
type when using the AN/BRR-3 receiver. Therefore, from Fig,
51 it car be seen that the observed communication reliability
in the Choshi area is 76 percent for manual cw and 84 percent
for the teletype. Figures 53 and 54, which are reproduced
from Tigs, 6 and 7 ¢f the DLCO report, show predicted relia-
bilities of about 52 and 67 percent for cw and teletype,
respectively.

CONCLUSIONS

The predicted and measured values of NPC (24,0 kc/s)
field strength, atmospheric noise, signal-to~noisc ratios,
and reliability all snowed rather good agreement, The
measured signal fisld s*rengths were, in general, higher
than predicteda. Comparison of the measured nighttime signal
field strengths with tlose measured during daytime or transition
indicated the possibility that the nighttine values were
somewhat errcneously hign. If this were the true situat:ion,
the over. .1 agreement o the predicted and measured signal
field strengths and comaunication reliability would be closer,
since the predicted and measured atmospheric noisec levels

CONTIDENTIAL
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showed very good agreement., When it is realized that at the
time the DECO predictions were made there were very little
experimental data from which to determine the propagation
parameters, the agreement is rather remarkable.

It has been demonstrated here that the DEC® predictionsg
for the general area around the southefstern part of Japan
agree very well with experimental data, However, it is not
intended to be inferred that there should necessarily be
good agreement throughout the entire area covered by the
DECO predictions. It is, nevertheless, quite probable that
the predicted field strengths would have approximately the
same accuracy throughout the pred ction area as was shovn
at Choshi.

There were some experimental v1f propagation data re-
corded on the ground in Guam and Japan and aboard an aircraft
in flight between California and that area duriag May, June,
and July 1965. These data were primarily for transmissions
from NPM &1d4 Haiku in Hawaii while operating on various
frequencies between 16.6 and 26,1 kc/s, The airborne experi-
ment was conducted and reported by NRL (2), The ground-
based experiment was carried out by DECO Electronics, Inc.,
and will socn be reported by them. The results of these
investigations will contribute greatly toward improving the
accuracy of future v1f communication reliability predictions.

CONFIDENTIAL
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Probability distributions of NPG and atmoszspheric
noise field strengths for all hours recorded during
November 1363

Probability distribution of NPG signal io atmos-~
pheric noise ratios for all hours recorded during
November 1963

Hourly mean and standard deviation of NPG field
strengths during December 1963

Hourly mean and standard deviation of NPG signal to
atmospheric noise ratios during December 1963

Hourly mean and standard deviation of atmospheric
noise during December 1963
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Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during

December 1963

Probability distribution of NPG signal to atmos-
pheric naise ratios for all hours recorded during

December 1963

Hourly mean and standard deviation
strengths during January 1964

Hourly mean and standard deviation
to atmospheric noise ratios during

Hourly mean and standard deviation
noise during January 1964

of NPG field
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January 1964

of atmospheric

Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during

January 1964

Probability distribution of NPG signal to atmos-
pheric noise ratios for all hours recorded during

January 1964

Hourly mean and standard deviation
strengths during February 1964

Hourly mean and standard deviation
to atmospheric noise ratios during

Hourly mean and standard deviation
noise during February 1964

of NPG field

of NPG signal
February 1964

of atmospheric

Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during

February 1964

Probability distribution of NPG signal to atmos-
pheric noise ratios for all hours recorded during

February 1964
Hourly mean and standard deviation
strengths during March luybud
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to atmospheric noise ratios during
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noise during March 1964

Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during
March 1964

Probability distribution of NPG signal to atmos~
pheric noise ratios for all hours recorded during
March 1664

Hourly mean and standard deviation of NPG field
strengths during Apri) 1964

Hourly mean ard standard deviation of NPG signal
to atmospheric noise ratios during April 1964

Hourly mean and standard deviation of atmospheric
noise during April 1964

Probability distributions of NPG and atmospheric
ncise field strengths for all hours recorded
during April 1964

Probability distribution of NPG signal to atmocs=~
pheric noise ratios for all hours recorded during
April 196u4

Hourly mean and standard deviation of NPG field
strengths during May 1964

Hourly mean and standard deviation of NPG signal
to atmospheric noise ratios during May 1964

Hourly mean and standard deviation of atmospheric
noise during May 1964

Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during
May 1964

Probability distribution of NPG signal to atmos-
pheric noise ratios for all hours recorded during
May 1964

Probability distributions of NPG field strengths
for all hours recorded during the fall, winter,
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Fig. 42
Fig. 43
Fig. uu
Fig. u5
Fig., u6
Tig. u7
Fig. 48

Probability distributions of NPG signal to atmocpheric
ncise ratios for all hours recorded during the fall,
winter, and spring seasons

Probability distributions of atmcspheric noise field
strengths for all hours recorded during the fall,
winter, and spring seasons

Probability distributions of NPG field strengths for
all hours recorded from October 1963 through May 1964
when the entire propagation path was in daylight,
transitiony, c¢r darkness

Probability distributions of NPG signal to atmospheric
noise ratics for all hours recorded from October

1963 through May 1964 when the entire NPG propagation
path was in daylight, transition, or darkness

Probability distributicn of NPG field strengths for
all hours recorded from October 1963 through May 1964

Probability distribution of NPG signal to atmospheric
noise ratics for all hours recorded from October
1963 through May 19t

Probability distribution of atmospheric noise for
all hours recorded from October 1963 through May 1964

Comparison of Observed 24,0 kc/s Data From Choshi, Japan

Fig. 49
Fig. 50
rig. 51

With DECO'S Predicted Data

Probability distributions of predicted and observed
{from Tig. 4u4) NPC field strengths for all hours
when propagation path was in daylight, transition,
or darkness

Probability distributions of predicted and observed
(from Fip. 46) NPG field strengths for all hours
from Octobecr through May

Probability distribution of predicted and observed
NPG signal to atmospheric noise ratios for all hours
of the year for the predicted data, and for all hour
recorded from October 1963 through May 196u

for the observed (from Tig., 47, modified for bandwidth
and rms noise)

s
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DECO'S Predicted Reliability Contour Maps
For NPG, 24,0 kc/s

Fig. 52 Percent of time that the field stirength exceeds 20
microveolts per meter for all hours of the year

Fig., 53 Percent of all hours of the yedar that cw communi-
cation will be reliable

Fig. 54 Percent of all hours of the year that 50-baud
teletype communication will be relianle

CONVIDENTIAL
18 (PAGE 1Y ELALEL)




CONFIDENTIAL

100 T . T 40
l CHOSHI, JAPAN —{ 38
! OTTOBER, 1963
NG, Paixe
50 - - s= -1 =t = SIGNAL —
‘ i ] —32
T J } |
PYe) E— — - N 7 —— 26 .
g . al E
N WA N :
£ +~ T 1 ¥ T =0 =
N i | |_ i8 y
A = 1 ‘ Y g .
S sp ~4 + - - <
: ; [ :1 2
<3 oL ! J —1i12 o .
i Ll :
o ! 3
I - —rT——~——1 - - e -}-ﬁ—l & Z
u «
u 1 S
| .
1 l ———— o ','J‘
H
3 - M——J’A%i -t — 8
I
i | . 20
| ‘ CHOSHY apar — 1B
! | -1 ? GLTOBER, 19G3
. I - HEG, 240KC
& | H 1 -SIRATIO
| . —-18
0 yl /i I J - 20
) G 6 12 6 20 74
TiAE (GT]
Fig. 1
=}
% @
100 40 " &
il o 4
’ LHOSHI, JAPAK 8 5 )
| OCTORER, 1963 .
g} o g memfe e ] o 2400C
: ATMOSPHERIC NOISD 1
—32 “ !
o1 - o — _ T‘ R S S
I
20) T [ | !
| - " I
1% I\{ Bt 3 Cubl e e o —_ [
1 i 3 b ‘
¢ ol AT 3 -—j20 2 ‘ i ! |
< X /I \1 9 t | ‘
N - w ) — i
1 E | |
! Q Lozy . 4 - B - - -
. 5 1 !
1 51 \% - N « ! i
. @
4 j | e ] ,
5 i | e . [ i | e
! ul 4
v « * o0 05 o [ " Zn k23 J
:f: ___T‘, N _‘¥__,3,,,_‘ & ‘7" TIME (GMT
w 1 I @
N . ! ‘ @
. . o .
' [ *.,__W | 5 ) Flg .2
| \ :
I
G| -—.v‘ — ——’W ——d - — 5
! a
! 2
or S ) g et »-4{ ~—~1 —
S I
a1 L L 20 -
an Ga [ 7] W6, 20 34

TME IGRATY
Fig. 3

Note: NPG radiated power normalized to 1 kw. Atmospheric noise
iz average value in a 100-~cps Landwidth.

20 CONFIDENTIAL




CONFIDENTIAL

100 T T 1 T 40
CHOSHI, JAPAN —{38
OCTOBER, 1963
NPG AND ATMOSPHERIC NOISE, 240KC
361 SAMPLES
50
—1 3z
3
<
>
— LS
IS w
> 20 - 26 >
1 O
~— 9]
T <
3 =~ a
e ATMOSPHERC | T 2
- NOISE H
:&,‘ 10 RS 20z
n —ns
a a uwl
] N
a . N
u- 5 A
; —2
| u
:
) - G
| 0
[o}} ¥ 10 30 50 70 90 99 999
PERCENTAGE OF VALUES THAT EXCEEDED THE ORDINATE
Fig. 4
10 20

—
CHOSH), JAPAN —lis
OCTOBER, 1963

NPG, 24 OKC
S/N RATIO
-— 1 35I| SAMPTS —

a;

|

SN S3TIO

1
[
1
]
i
|
;
fal

v n

02 - 1 1 1
J
O — —\- 20
ot i 10 30 w70 90 9% 9%

PERCLNTAGE OF VALULS THAT EACEEDED THE GRHDINA 'E

Fiv. »
21y, D

Note: NPG radiated power normalized to 1 kw.

Atmosphicric noisc is average value in a
100-cps bandwidth.

2l CONFIDLENTIAL




CONFIDENTIAL

1004 1- ———40
CHOSHI, JaPal ——l 38
NOVEMBLF, 1963
NFG, Z90ne
sof———q -~ - ~— SIGNA|

Sy i

! _‘132
et

4

[s1o]}
5]

F:
Tinse 1GRY

T 3
| i
’E- 10 =+ ! 1’_ ?S =2
i { [j y
3
P 2
k4 - T =
2 ] -z &
E —
& L x
! [
A 3
“ 7 T . l‘ [ - I
&
;
. *J b
o
S AT
i
<
[ R e B | — 5
) — »n
| CHOSH 1, JAT AN j It
l \ 2 r;\y[rém%n, 1963
- MPG, 24 OKE
0 - - § I - — S/NHATIG —
} ‘l -18
[o] | — - 20
00 Ga 08 12 13 20 24
TIME (GMT)
Fig. 6
<
;
a
a
00—~ T T e 40 2
CHO%HI, JAPAN U] A
NOVEMBER, (963 ue —
2a0KC
%) - - - ATMOSPHERIG NOISE —
| I -3z
ci
1 . ‘
e - RIS g T R [
| il | - [0 |
} ty " ST 3
: | 3
S Ve vt D R a 1
Q : t —q{e* - ' i .
! 1 TJ 71 | & | , w
s 4 ‘ i y \
1 i | , ] 2 o ; ' L -
. ] g i
o I e ST a .
t i I Ide ¢ i ; 1 I T
i ‘ \ | :
. ! '
b . %
;
¢

,,,,, ! : 1‘ . Fig. 7

\ 3 |

,,,J I e
|

i ! 1]
i ‘ ; 47
| I J 1y
| o e d

) ) [7E) i2 13 )

Fig. 8

Note: NPG radiated power normalized 1o 1 kw. Atmospheric

noise is average value in a 100-¢ps bandwidth.

22 CONFIDENTIAL




CONFIDENTIAL

100 - T ac
CHOSHI, JAPAN
NOVEMBER, 1963 — 38
NPG AND ATMOSPHERIC NOISE, 24.0KC
454 SAMPLES
50 |
—32
3
<
>
—_ 1
£ ;
3 20 26 %
LS Q
-~ @
T 1
— [+2]
[ o
z -
¥ 10 NOISE 20 z
=
S \-\\.. -8 2
::31 “\ &
. ~, w0
'S 5 o s N 3
\ e —i2 @
N &
\ -4,
\
2 | h 6
i
| ] 0
0l I 10 30 50 70 30 95 939
PERCENTAGE OF VALUES THaT EXCEEDEL THE ORDIMATE
Fig. 9
10 T 20
CHOSH i, JAPAN -dis
NOVEMBER, 1763
NFG, 24.0XC
S/N' RATIU
S ——— ————f —— -~ ——— 454 SAMPLES e
a —{12
2 -'—“\_—‘ R T 1 —A &
(e} \'\ -
"' m
“T ot
a ) S - - - oo
z N :
@ &
05 —— -~ \—- - —— -G
\ .
02 B T [ R e N ——
1 — 18
0! —— - M‘ —_ \h -23
al 1 10 30 50 70 90 99 9o
FERCENTAGEL Of VALULS THAT EXCELULD THE ORCINATE
Fip. 106
Note: NPG radiated power normelized to 1 kw.

Atmospheric noise is average value in a

100-cps bandwidth,

23

CONFIDENTIAL




CONFIDENTIAL

00—~ +— 40
ICHOSv—ﬂ, JAPAN  _ {45
I DECEMBER, 1963 N
NPG, 240KC
Y] SSRGS L SIGNAL —
—32
20} -———1— iiiii% {26
£
3
70 5 4+ 20 2
3 . - - 18 "
s L 2
= 2 .
1 5 ) 1 a
* | -~ 12 ol
H - E
o
a I
i =
n B 9
o 2f ———- 6 Z
M @
v
M L n
o
—- — o
i
[+ —4- - B PN -6
T 20
CHOSMI, JAPAN g 13y
— 2 DFCEMAER, 1963
0o —- NG 240w
E SN RATIG
-8
91 -70
00 va CE) 1z 3 20 24
TIME (GM Ty
Fig. 11
©
i
— a
100 r T 40 5
CHOSHI, JAPAN —j 38
DECEMBER, 1303
240KC
) _ R ~-- ATMOSPHERIC NDISE
—32
200 - B 26 0Ny . . 2
1 T 7 ‘ ;
\I\ . T 4 | |
7 ot~ 1 J -—tec 2 | | 3
P e W BRI \ |
: ) 4 i !
: /.- L
R f S O | - y
Lo L. 2 . | | [
“ it [214) 04 O "z 1t a P
a 2 TiMEL (G T
i3 It}
e 7 R — ¢ 7
r o ! &
. ; -
. - Fig. 12
1 - o
u
uh [N S — S S (U B
-~ 12
3 oy - ——p —_— ——1
— s
G J— -20
“i5 [ d 12 16 22 24
TiAs TGMTY
13 .
E Fig. 13
Note:

is average value in a 100-cps bandwidth.

24

NPG radiated power normalized tol kw. Atmospheric noise

CONFIDENTIAL




CONFIDENTIAL

100,

— T —T 40
CHOSHI, JARAN
DECEMBER, 1963 —13€
NPG AND ATMQ SPHERIC NOISE, 24.0XC
555 SAMPLES
50 _—— e ————
] T e
P~ g
— . .. EN
|3 e W NPG -
3 20— g S P e — 26 ‘g
P ~ 10}
1 \“ <
o o~ ] 2
g = °
O~ - —20 3
- N 5
E n N o 1
3 a M. ATMOSPHERIC o
- 0 =, NOISE s
e I - N 173
; I B Y 3
~. —j12 @
oo [N
“"
; , S SN U N .
F
1 As (o]
ol I 10 30 5¢ 70 30 EE) 399
PERCENTAGE OF VALUES THAT EX¢ EDED THE ORDINATE
Fig. 14
10 - 20
CHOSHY, JAPAN
DECEMEER, (963 '8
NPG, 240K(C
S/N 'RATIO
. e o ] .555SAMPLES _—|
12
? ety ———] —— -6
(&} —_
'V ar
1 o
o - - ——0
= Z
~ w
ur 1
05 3
—-2
oz SN R
—-18
o} -20
Gl ] 10 30 50 70 90 9 599

PLRCENTAGE Of VALUES THAT EXCEEDED THL ORLINATE

Fig. 15
Note: NPG radiated power normalized to 1 kw,

Atmospheric noisc is average value in a
100-cps bandwidth.

25 CONFIDENTIAL




CONFIDENTIAL

1004 — T 40
! CHOSt, JAPAL  —] 36
| JANUARY, 1964
HPG, 24 OKC
80} ——e B se- oo - --——{ SIGNAL —
! —3e
'
i
20— - ———126
. !
N
. X : 1 20
3
3 41 A N 8
a
rd AT
5 nk
,‘;:
y 1
A S m——_+ R - {6
. ] RS VS —— o
?
T U S Y B
i
|
‘ ‘
. — 2
IR Bl . ———tem— - o T —
l —-18
Lo L -20
D) 04 08 2 6 20 24
TiME (G T
io
Fig. 16
Va5 T ; @0
‘ CHOSHI, JAPAN — 38
JANUARY, 1964
240xKC
50} -mmen] e em] =~ ATMOSPHERIC NOISE —]
—32
zol "'ﬂ’ 26
L ‘NN
t T
3 l L
- 1
1 LA 1
| T
A €
—0
09 - — <«
P Y
0 e o e—
— 18
L -70
U(’m L3 20 24

TiML (GM1)

Fig. 18

Noie:

1avs/m )

D 5TRENGT~ (D5 ABOVE

e

|FV/m1

L 3TRENGTH (OB ABOVE

FIgL

S5/N RATIO

1

;
f
I
|

"0
CHOSHIL gaPAN | g
GJANLIARY, 1904
NPG, 240kC
S/HRATIO

SIN D3

—_— {- - ! 20
o

— “‘+’A"“7 —— — ._7 — 7

: i | '
| RN
P—— - - —_——— 1 4

|

| .

4 i | | a

04 [ 1z I3 0 N

NPG radiated power normalizediol kw.

TIME (GMT)

Fig. 17

Atmospheric noise

is average value in a 100-cps bandwidth.

26

CONFIDENTIAL




CONFIDENTIAL
100 T T ~ — a0
CHOSHI, JAPAN 3
JANUARY, 1964 —3®
NPG AND ATMOSPHERIC NOISE, 24.0KC
DYl SAMPLES
50 - - -

—32 _
.\‘\“-“ E
NPG 3
€ F*\ \‘\;\ —
~ ~ _ _ v
3 20}—— = — 26 Y
2 N 5
z N @
O . ba)
i ATMOSPHERIC 7
] ATMOSPHER
@ 19 NOISE -I
0 g
) ul
) ha
b "
w 5 )N
J
@
u
2|-- —
) . o
0l I 16 30 50 70 30 35 499
PERCENTAGE OF VALUES THAT EXCECDED THE ORDINATE
Fig. 19
10 T 20
CHOSHI, JAPAN _{ g
JANUARY, 1964
NPG, 24 0KC
S/H RATIO
-———-1 — 55{ SAMPLEG ~—
2
RS (U 3
O —
= o
4 &
a8 R U S
z AN Z
Z \ ©
0s — J — —_ 4 —d e
—q 12
o2l S — \ —
|
' -— I
] ! 20
o1 ) 1 3¢ 50 70 %0 95 559
PERCLNTAGE OF VALUES THAT EXCEEDED THE ORLINATE
Fig. 20
Note: NPG radiated powcer normalized to 1 kw.

Atmospheric noisc 1s average value in a
100-~cps bandwidth.

CONTIDENTIAL




CONFIDENTIAL

100, —r—~———— 40
CHOSH), JAFAN | 29
FEBRUARY. B64
U NFES, P4 080
504 S SIGHAL
t
>
- £Y
€ B
>
K H
23
I <
i z
2 [ A
b
& T
b 5
N Z‘
o 3
B &
o
o
<
10, -
CHOSHI, JAPAN
op FEBRUARY, 13£4
NPG, 24 OKC
5 | S/NRATIO
TIME (GMT)
b
Fig. 21
i
100, -~ a0 g os
CHOSH, JAPAN
FEBRUANY, 1964 3 &
239KC e
8of——— L 1. ATMOSPHEAK NOISE b3
—{32 02
20[———7 ~—— 26 o1
- €
iy :
zo I BARI —{20 2 005 }-
: A PTG 3
2 8
r 5 1 — <
4 Yl 2 3 oo2
= 2
i
a 1
" , 5
[} — — ] z om LT
G ¥ m 6 # [i%] 04 on 12 1€ bl 24 v
:‘.', t'h TIML (GMT)
o
- Tttt —t—{0 3 .
“ Fig. 22
05} - &
o P
aef - — . —- ———d
-18
ol 1 - 20
00 04 08 12 3 20 24
TiMe (gMT)
Fig. 23

Note: NPG radiated power normalized to 1 kw. Atmospl 'ric noise
is average value in a 100-cps bandwidth.

28 CONFIDENTIAL




CONFIDENTIAL

100 T T — — 40
CHOSHI, JAPAN —438
FLORUARY, 0G4
NPG AND ATMOSPHERIC NOISE, 24 OKC
263 SAMPLES
50 — —
-432 _
M_\' €
N
N
- 2
E L
3 20— 1 - 26 >
LN ~ [s]
= k\ 2
e’; \\\ D
«
S ™. J ]
i 1o S - 207
I ATMOSPHEREC —Jise
a NOISE uj
) | o«
ul "
frd
° 1 o
_ 2@
w
~
S .
N L o
o)) | 10 30 70 a0 33=)
PERCENYAGE OF VALUES THAT EXCEEDED THE ORDINME
Fig. 24
[[s} -1 20
cHosHI, vaPan |
FEBRUARY, 1964
NPG, 24.0KC
S/N RATIO
S - 263 SAMPLES ]
—12
z - ~  ——16
o -~
o)
= o
a | S —t 0 7
- g
~ w
o
05— —— ] N T
—-12
02}-- -
— -8
Q. 20
gl

Fig. 25

Note: NIPG radiated power normalized to 1 kw.
Atmospheric noise is average value in a
100-cps bandwidth.

29 CONFIDENTIAL




CONFIDENTIAL

139 T . 4D
I CHOSHI, JAPAN — 33
| MARCH. 1963
' ONPG, 24 ORC
0 —_— - -— 4 ~— LIGMHOAL —
{ { —32
P \ -t 26
N :
J >
<ol I w 2
N {18
: [\L 17
1 [a)
: .{/ . E
RS SRS U i
IRVAESIE:
b
n ©
a ?f -— - _), — 6 2
H &x
H ! '
i _1 a
1 - - »I» e G R -—0 T_(
| | L
| |
) . ] ...... 1'.__,_4.__._ ...[,4,,,-,, e
l ! I 10 T ra
B R CH2GH, JAPAN — 1B
| -2 MARCE . B84
! NFG. 240K
v R s S e 3 17 S/H RATIO
} | i
[+1} -20
[a]s] [L] 06 2 16 20 24
TIME (GHAT)
Fig. 26
=]
Z
ot
p
GOy T T "0 z
CHOSH:, JAPAN g »
MARCH, 1964
240KC
sob——— ATMOSPHERK NOISE —|
—32
20 ! . 00H [ e o e --A—-‘: e
£ I
T A4 < I
] g | |
PRL =1 T I T__?s = I ‘ | - s
Z - b3 uo2 - — - _— . -
9 T g 1 ] ;
2 ! i
AR 2 ! i
X —
L or N —e 8 ia ; 1 i [ A J
H z G 04 08 12 % 20 a
v G TUAE (ORI
o < —_— - —_— I3 z
o2 R
9] g
o &
W .
‘ o Fig. 27
1 J
1 o
<
]
a9 e -E
;
2
. | .
f ! d-.
[ H —J-20
3 e 08 Z [ 20 24
Tis GMTY
Fig. 28
Note:; NPG radiated power normalized to 1 kw. Atmospheric noise

is average value in a 100-cps bandwidth.

30 CONFIDENTIAL




CONFIDENTIAL

100,

] L T T 40
F CHOSHI, JAPAN 18
i MARCH, 1964
NPGAND ATMOSPHERIC NOISE 24080
222 SAMPLES
S I i [ TR -
.\_,\‘\‘ 2
E
I >
- —-L 1
'L: - 3
> 20 a2 — 25 Y
EN 4 Q
- ~ a
T ATMOSPHERIC ~ S
¥ i NOISE i m
[Seg . [}
= v -
Ll L_“_ ——— - S e - ?
& 10 l -—»_‘T —20 ']
1) i ~8 g’
0 ( 11
-y o
Ll i
" w
Y IR S — -
12 QJI
.
.- '~
! T
2 ———} ﬁ-—-~}~ —ﬁ R —
| \ o
[a}] l 0 92 999
PERCFNTYLAGE OF VALUES THAT CXCCEDED Tri ORDGINAYTE
Fig. 29
——20
CHOSHI, JAPAN [ g
MARCH, 1964
NPG, 240¥KC
S/N RATIO
TTT222 SAMPLES T
-2
——d 5
o —
[is]
L E
fid ——f )~
z Z
o~ [Ea)
&
e £
-2
__J I
ot L - -2 -20
o]} | 10 30 50 70 929

PERCENTAGE GF VALUES THAT EXCEEDED THE OROINATE

Fig. 30

Note: NG radiated power aormalir..] to 1 kw.
Avmospheric noise is average value in a
100-cps bandwidth.

3!

CONFIDENTIAL




CONFIDENTIAL

1000 €0
r — T rhoskaapan .,
| APRIL 1964 i
HPG 2A40KC
SIGNAL
500| - - - i - -1 -
52
|
oo - - { —_ U R P,
T o - g — {40
3 T — 38
a \1 J
ol L ATN ]
& —{32
Fd 1 :
o
: |
1 -
==
g]
a
pre
e e
i J_ -2
'
2} et e ey ——f 1 b
| L_L e
o0 0 Qg [ 16 20 24
TIME LGMT)
Fig. 31
1060, ———— o
T CHOSHI, JAPAN sg
AFRIL, 1064
22 0KE
ATMOSEHERK MOISE
500f ~—— - e ot
—152
e — —an

STRINCTH  (uvimi

ELn

H a0

o -8
N ]

—3?

T
Hp

18

1w
;

: L
o - S g . 1 e S
]

o

' i 55 i . 70 B4
Tt (Gm1)

MNote:

Fig. 33

(I8 ABOVE twV/M

LD STRENGTH

LD STRINGTS (D3 ASCVE tuV/mI

FIz

S/N RATIO

10, —
l CHOSHI, JI'AF‘AN:
APFIL, 1964
1 WFPG, 24 0nC
SN RATIO
sp——- 1

vozl e l :
| L
i
[s171] 1 |
an 0a ny 2 6

R

S

~ 3z

NFG radiated power normalized to 1 kw.

THas (Gt

Fig. 32

]

“a—J aq

Atmospheric noisc
is average value in a 100-cps bandwidth.

CONFIDENTIAL




g

CONFIDENTIAL

100¢

NPG, AND ATMOSPHERIC NOISE, 24 OnG
230 SamirLES

T T I
CHOSHI, JAPAN
\ APRIL, 1964
i

LD STRENGT- {uv/m)

FizLl

£0
o

OVE lu N/

10
(e]] | 10 30 50 70 90 ) i)
PERCLNTAGE OF VALUES THAT ExCEEDFD THL ORLINATE
Fig. 34
10 T 20
W CHOSHI, yAPAN L g
APRIL, 19€4
MPC, 24 0KC
. S/ HATIO
A i T T 23 SAMPLLS T
412

) NSRRI O [ e JI et
|

\
0308 S
ool g
| 10 0 50 70 k<1 93
PERCENTAGE OF VALULS THAT £ACLLOULL THE ORDINATE

Fig. 35

o

1y
20

Note: NPG radiaced power normalized (o 1 kw.
Atmospheric noisce is average valuce in a
100~-¢ps bandwidth.

CONTFIDENTIAL

v s sncsrrra e we

r"’!’ lisiios o



M St

T

T

T

iz oo

Y

CONFIDENTIAL

60
1000 CHOSHIL, JAPAN 1,
war, 1964 158
NPG, 230KC
SIGNAL
YT e T Tt B - -
—52
200 - -
T ol——y e T T -—-—10
L — 38
>
L
I 50 o
I
P4
o |
y
© N kY
20
I
i
&
10 ————
o ——mF— e —
\ w2
|
2 ——m — 6
|
| | 0
00 04 o 2 16 23 EZ)
TIRAE LCMT)
Fig. 36
1000 CHOSH, JAPAN o
MaY, 1964 8
23 OC
ATMDSPHERIC NOIST.
500 - e ey -t ——
—s2
200 ] —— =4
T oo — —_— e - ————t ————%0
¢ —{38
3 T
1 ~
. _ -] j——
4 1 — 32
4
&
s
v
b el B £A7
o
o
g ! l
—— — - {20
—is
i
& e e o
- 12
2| - —— - — ——
\ | 0
00 04 06 T 13 20 24
TIME (6MT)
e
¥ig. 38
Note:

NGTH (DB ABOVE :wV/m})

e

5T

I

w

pvir)

FIELD STRENGTH (L8 ABOV

10 T 20
CHOSHL JAPAN — 13
: MAY, 19€4
N NPG, 24 Okf,
ol - . S/N'RATIC
— 2
a B B
/L T
Hs 1 T - 1€
1 12
!IZ
( | SN Y I
I
14 ?
T U
o os] ——1 A\l N A
4 /| \ 158/ ! a
@ i H >
z ; J R
02 1 -+ —_d 4
J Y
(o] — Tt T —_— — 20
\ !
005 ? —_— 24
|
— 3
coz} -———o ——V«I - — 1
| —- s
0ol L ad
00 04 oe 12 12 20 g
TIME (GMT)

Fig. 37

NPG radiated power normalized to 1 kw. Atmospheric noisc
is average value in a 100-cps bandwidth.

34

CONFIDENTIAL




CONFIDENTIAL

1000 . 60
T | T A T
IMaY 1964 —{ o
"NPG, AND ATMOSPHERIC NOISE, 240KG
178 SAMPLES
s - R —
i
| %
i NPG \ E
(DIVIDE BY 10 OR ; 3
- SUBTRACT ?Odb) 1
3 [¥3)
3 200 ——— -y %%
=~ o
e <
1 \ m
5 W =
,23 100 RN 0z
N
N s~ 83
3 s | ';
2o AN - ”
o e ——— ——— - —_—
\ ATMOSFHERIC S
! W MOISE 32 u
[ s
\] . |
NG
20 F’—4 e 4 -\ B [0
N
N
; N 80
10 ! ‘ > ids}
D1 | 10 30 50 10 90 35 5,9

PCRCEMTAGE OF VALUES THAT EXCELCED THE ORCINATE

Fig. 39
10 - T 20
cuosH, JAPAN g
MAY, 1964
NPG, 24.0K(
. S/N RALIC
b e (e — - T T 78 SAMPLES —
ol —12
2p e - - — - [
(9] —
v e
2 . N N
- ! ! 7
p \ )
s

04} ——— i e — - 7~1 s — e B
- 17
e R e B T — - ——
—~{ e
Gl | 20
Ut i i 25 LG 7G z ]
SLACENTAGE OF VALUES THAT LXCLEDED THL GRUINATE

Fig. 40

wte:r NPG radiated power normalized to 1 kw.
Atmmospheric noise is average value in a
100-cps bandwidth.

35 CONVIDENTIAL




CONFIDENTIAL

N v T v a0
CHOSH, JAPA —|w
. NPG, 24 OKC
SIGNAL
« QCYONE R, HOVEWBCR, 1963 —= —————
P IR R - BI% SAMPL LS —
CF (L MBER, 1965 - FE BRUARY, 1904 - -- -~
1369 SAMILES s
MARCH - MAT 1964 T
31 SAMPLES 3
- 3
¥ J o
3 20 —— 2y - B s ———2¢ >
1 a
2 2
N )
. -
b 3
Z 2
Pl x
W 2
“ g 20
3 ——— T T o0
o h T LHOSH, JATAN
g ——— a WoG, | 24 0KC —#
P 5/H HATIO
& N 1 OBEF, NOVFMBE , 196,73 —_—
L3 S G BI% SAMINLE
< .. D Ce MOFF, 1963 ~FEBRUGRT, 1364 - -~ -
| 1365 SAMPLLS e L4
N MARCH - MAY, 1964
2 € L H31 SAMFLES
“
L !
\ 2 B s T —
\
[ e a
o1 [ ] 3 50 70 30 49 999 o :
PERCENTAGE OF VAYULS THAT [XCLEDED THE ORDINATE B o
a | - . o
2 z
M o \ ?
Fig. 41 N>
G5 -—— —- — -t - — 3
.
. 4
[ (PPPRUNIS PRGNSV IR S SR S— R —
00 ——y 40
4 —3s
» —
) oL 20
&0 PR I L S GO (U SO g o1 ' 10 30 Lo 70 90 9 1)
—[ PERCENTAGE OF YALUES TvAT €xCEEDED THE QRDINATE
—{32
£
. >
— 3
¥ = . p
>z H Flg .42
1 3 >
&
' i
h P
& e
¥ oo 1
n 5
o a
H b
W h
[ w
o
@
HOSI anEAN =
2aGxL
MG SR bSE
07 TOHER, IOV EAEER, 1903 — —_—
1% Samb <
DALLEMOLI, 105 T LIURRT, UA - s o
T340 SAMILES
MERCH - AT, 1964
©31 SAMIE 3
) | J— 1} 1
o | M) 3, &0 70

30 99

PERCENTAGE GF WALULS THAT EXCEEDEL THE ORDINATE

Fig. 43

Note: NIPG radiated power normalized (o 1 kw. Atmospheric noise
is average value in a 100-c¢cps bandwidth.

36 CONFIDENTIAL




CONFIDENTIAL

100 — ¥ 40
CHOSHI, JAPAN
k. OCTOBER, 1963 -MAY, 1964 —38
~ NPG, 24 OXC
\ ; SIGHAL
. > | ¥ —_—
BN R S Bt Mt S A3 SAMPLES
.. [ NIGHT - ST I
o] . 542 SAMPLES
T Y TRANSITION -

1460 SAMPLES

!
i
¥
’
¢
$
Vuv/sm)

1S ; T S
S 20f - ——f e e ] T 26 %
3 <
o “u, T
T ! \' AN ;
2 ! \ - 3
7~ 1 - N
oo ity s By B N Ry A 207
'u; \\ — 18 E")
I - Al L
N v o
i AY [
L o v
5 B D T _\ -] ’j
. Vo2 w
| \ u
i . AN
1 \
)
Ao . R S — 4 N
AN
A
, o
D ' 12 30 50 70 90 EE) 999
FERCENTAGL OF VALUES THAT E¥CLEBCD THE ORDINAIC
Fig. 44
10 r T 20
CHOSHI, JAPAN 8
OCTOBER, 1953 - MAY, 1964 |
NPG, 240KC
o3 S/NTHATIO
5 ™. : ‘ DAY
.
le. . e | HGHT = - === - e s o —'2
. ~ | 542 SAMPLES
e N ‘\ TRANSITION -
‘\\L S 1860 SAMPLES
. I
- 4 \_ Sy o 6
I ™ N i
\ 3 ~. :
o \ AN : .
b i S ®
A J AN . ©
- ™, -
4 AN S
B
0% - - - . [
ng — C e e - . —_
.
(1L -
Nt | lial n s 70 an Qg

PLROTNTAGE OF vALUES THAT £+ ZLEDLD Tl CROINATE

Fig. 45

Note: NPG radiated power normalized to 1 kw.
Atmospheric noise is average value in a
Tuu=-cps bandwidih.

37 CONFIDENTIAL




CONFIDENTIAL

P 1 —0
051, JAFLH —
CTOkd R 9L MAT 19vna
NIG, 2 Ok
T TIN —
50 2815 SAMILES ‘
—
~~_ €
H
- f
h E
> 20 - L - — - e — 4 —— Ao
: '\ 5
a
. 2
h @
o e
weog —_— S —_— - HE £ %)
i -t — o
(.-. ! e 2
8
B —- - — ~t —1 - e
e 3
N, i
: 10 Y 0
. ———, - S -4 CHESNL JAF AL §
¢ OCTOBFE 963 Mar 964 | ¢
HEC, 2460C
| 5 S0 RATIO
Spo- = - 2615 SAMRLES q
| | —Is iz
o : ) 307 56 70 20 9 9
CLOUCENTAGE OF VALULS THAY EX7EEDED THE On(IHATE \
: - - X - ] ————— S —
Fig. 46 ° \ . 5.
4 ! &
@ - St Jo ¥
I \ Z
w v N
I
as - PR e
100, T an \
CHOSH, JAPAN —33 \ N -
OCTOBER, AL - A+, 1901 N\ )
24 0ve. o} -—o - ——4 - - N 1
. o ATmusenieC wast |
- LS SARPLLS
- h —
£ [Y] S—
a ' 1 ] 3u 50 ™ @l ¥ ,?0
bt FERIENTAGE OF vny The ORLINGTE
- &
o
: T rd
B Flg .47
- ot
W s
[ v
e [
. - s
s
1 S
. - -3 - - - —i
L1 l _
o1 [} ) 30 50 70 99
PLHTENTALE OF vALULS THAT {3 CeEOED “E ORDINA L
Fig. 48
AT e~ o ANITH T e At e mccrman msmmrn a3l b 1 10y, At onn s enlas e~ syt oo
nNuLe , INL LT L uliatltcu jJsu oy 1 Lii@hdaiionr L 1 UNVY o LILLLIUS I LAl UL
2 e - I3
is average valuec in a 100-cps bandwidth.

38 CONFIDENTIAL




i ks

CONFIDENTIAL

65 1
60
\ﬂ”&, NPG 24.0 ke/s
2 N7 RADIATED POWER = 250 kw
RN
58 7,
= 0’4)’ \\}/O,D\%%; o B
c ~
> oLl ?
> 50 RN 2 a -
L;’ \ \\ \ o]
A
5 %X\ij o
< 45 >< v ™
@ { X o
2 N R
DECO (1) PREDICTION ~ N
T 40 FOR CHOSHI AREA \\.o\é CHOSHI DATA (FROM FIG 44) |
D T N Na DAY o
= \o TRANSITION &
o > N o NIGHT B
n 35 ~1 \\ <
[} N A
0 N
Le
\\
\\ J
25 SES
20 -
oY [ 10 30 50 70 90 99 999
PERCENTAGE OF VALUES THAT EXCEEDED THE ORDINATE
Fig. 49
39 CONFIDENTIAL




CONFIDENTIAL

65
50
NPG 24.0 kc/s
RADIATED POWER = 250 kw
£ 55 i
~~
3 -
S \ _
w50
2 ™
m
i \ .
843 |~ CHDSHI DATA (FROM FIG 467 ]
~ * OCTCBER 1963-MAY 1964
x h
Z A
= DECO {I) PREDICTION
» 35 FOR CHOSHI AREA N
5 OCTOBER — MAY \\\
5]
* 30 ] \\
25
RAN
20
0. I 10 30 50 70 90 99 999
PERCENTAGE OF VALUES THAT EXCEEDED THE ORDINATE
F Fig. 50
3
1
40 CONFIDENTIAL




CONFIDENTIAL

TN

Y 25
‘ ®
2 20
T NPG 24.0 ke/s
o RADIATED POWER = 250 kw
Q
z 15
a
=
: N
s 10 N ; . i
: » N\ N |
4 = CHOSHI DATA (FROM FiG 47)
] < N T 4 (MODIFIED FOR BANDWIDTH
> S — x\AND RMS NOISE) ]
: "
: g Lz
] 2 O 1 7
] 0 DECG (I} PREDICTION
g FOR CHOSHI AREA
}.—
. o
2 \\
g -10{——— :
2]
2
215 — \\ ]
-20 1 L ’ N L
Ol i 10 30 50 70 90 99 299

FPERCENTAGE OF VALUES THAT EXCEEDED THE ORDINATE

Fig. 51

41 CONFIDENTIAL




CONFIDENTIAIL NOFORN

42 CONFIDENTIAL NOFORN




<
. @ L
~ o
G 38
x 37
Okm <
o ¢
T > EL b
Noeved
Ta w2
Wileg o=
-~ ELrh
ooyl d
b Brliag
. céigs
ay 3
ES 1
£ o f
3
E)

PG
Ftarancy May of

T

Fig.

CONYIDENTIAL NOFOKN

43




CONFIDENTIAL NOFORN

E
£
- b0 bt SR e o
% ; T
VTN TN
Fig. 54 "
44 CONFIDENTIAL NOFORN




T TR T TR

T

TEETY

T

:

i g o

TR

TP R T

F

TS

CONFIDENTIAIL
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title. body of abstract and indexing annotation must be entered when the cverall repori s classified)

1 ORIGINATING ACTIVITY (Corporate autihor) 28 ACI DRAT SECURITY C LASSIFICATION

Confidential

U.S. Naval Research Laboratory 75 aroue
Washington, D.C., 20390 No. 1l

3 REPORT VITLE

COMMUNICATIONS RELIABILITY OF TRANSMISSIONS FROM NAVAL RADIO
STATION (T), JIM CREEK, WASHINGTON, NPG AT 24.0 KC/S (U)

4. DESCRIPTIVE NOTES (Type of report and Incluaive dates)
Interim Report

5 AUTHOR(S) (Last name. first namo, initial)

Garncer, W, E,

6 REPORT DATE [75 TOTAL NO. OF PAGES 7t NO OF REFS
January 7, 1966 | 48 3
Ba CONTRACTY OR GRANT NO. 98 ORIGINATOR'S REPORT NUMEER(S)

NRL Memorandum Report 1667

L PROJECT NO

BUSHIPS SR 008-01-01 i

c I'ASK 7028 T9b OTHER REFGRT NO(S) (Any othar numbers that may be assigned
‘ this report)

|
: J

10 AVAILABILITY/LIMITATION NOTICES In addition to security requirements which apply to thie
document and must be met, it may be further distributed by th=2 holder only with
specific prior approval of the Director. US. Naval Research Laboratory,
Washington, D.C.

11 SUPPLEMENTARY NCTES 12 SPONSORING MILITARY ACTIVITY
SPECIAL HANDLING REQUIRED
JAOT RELEASABLE TO FOREIGN
NATIONALS

Department of the Navy
Burcau of Ships

13 ABSTRACT

In 1903, the oprrating frequency of the very-low-frequency vIf transmitting
station NPG, located near Scattle, Washington, was changed from 18,6 ke /s to
24.0 ke/s. DECO Electronics, Inc., was contracted to predict the communication
rcliability of the NPG 24.0 ke/s transmissions in the westeru Pacific Ocean arca.
Throngh the gencrosity of a Japancse rescarch group at the Inubo Radic Wave
Observatory in Choshi, Japan, some experimental data -.erc obtained and have
been usced to evaluate the DECQO predictions in a portion of the arca covered, the
southcast coast of Japan.

Comparison of the experimental and predicted data show very good agreement.
The received field strengths, as obscrved, were slightly higher than predicted.
The predicted atmospheric noise levels showed very closce agreement with the
measured data. The observed communication relianility was about 76 percent for
manual cw, and was predicted to be about 52 percent, For automatic teletype, the
obscrved and predicted reliabilitics were 84 and 62 percent, respectively. There-
force, for the ocean arca in the viclnity of southcast Japan, the reliab’lity ot NPG
24.0 kc/s transmwissions, assuming a radiatcd power of 250 kw, would be better
than predicted.

F ORM
DD "%, 1473 45 CONFIDLENTIAL

Sccurnity Clussification




T

TR TS

R Ll Tk

LGONEIDENTIAL
Security Classification

14
KEY WORDS

LINK A LINK B LINK C

ROLE WY ROLE wT ARQLE wT

Radio Waves

Very low frequency

U.S. Naval Radio Station (T), Jim Creck
Communication Reliability

Propagation

Atmospherics

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the repori.

2a. REPORT SFCURITY CLASSIFICATION: Eater the over-
all gsecurity classification of the report. Indicate whether
‘““‘Restricted Data’’ is included. Marking is to be in accord-
ance with approprigte security regulatione

2b. GROUP: Automatic dawngrading is specified in DoD DNi-
rective $200, 10 and Arined Forces Industrial Manual, Lntes
the group rumber. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 2s author-
ized.

3. REPORT TITLE: Enter the complete report title in ail

capital letters. Titles in all cuces shouid te unclassified.
If @ meaningful title cennot be selected without classifica-

tion, show title classification in all cepitals in parenthesis
iminediately foilowing the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summery, annual, or final.
Give the inclusive dates when & specific reporting period is
covered,

5. AUTHOR(S): Enter the name(s) of auther(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal apthor is an ahsolute minimum requirement,

6. REPORT DATE: Enter the date of the report as day,

,; VRPN

nc dute aspoars
i Qute appoars

aily, yedi, oi month, ycai. If
on the report, use date of publication,

7a. TOTAL NUMBER OF PAGES: The total page count
shov!d follow normal pagination procedures, i.e., enter the
number of pages containing informnation

7ir. NUMMER OF REFERENCES: FEnter the total number of
ref~rences cited in the report.

84. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was writtern.

8b, 8¢, & Bd. PROJECT NUMBER: Enter the appropriate
military department identification, such as project nun.ber,
subproject number, system numbers, task number, etc

94. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity, This number must
be unique to this report.

9b. OTHER REPORT “UMBER(S): If the report has been
assigned any other report numbers (cither by the originator
or by the sponsor), alao enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim
itations on further dissemination of the report, other than thoese

INSTRUCTIONS

imposed by security classification, using standard statements
such as:
(1)  ““Qualified requesters may obtain copies of this
report from DDC.”*
{2) “*Foreign announcement and dissemination of this
teport by DDC is not authorized,”
(3) ‘‘U. S. Government ageuncies may vbtain copics of
this report directly from DDC, Other qualified DDC
users shall request through

(4) *“U. S military agencies may obtain copies of this
report directly from DDC. Other qualifivd users
shall request through

i

(5) ‘'All distribution of this report 1s controlled. Qual-
ified DDC users shall request through

»”
.

If the report hus bicen furnished ' the Offic~ of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

11. SUPPLEMENTARY NOTES: Use for additional explana-
tory noies.

12. SPONSORING MILITARY ACTIVITY: Emer the namre of
the departmental project office o: laboratory sponsoring (pay-
ing for) the research and development. lInclude address.

13. ABSTRACT: Later un abslruct giving o iniel and factual
summary of the document indicative of the repert, even though
it may also appear elsewhere in the body of the technical re-
port. If additiona! space 1s required, a continuation sheet shall
be aitached.

It is nighly desirable that the abstract of classified reports
be unclassif.»d. Each paragraph of the abstract shall end with
an indication ¢f the military security classification of the in-
formeticn in the paragraph, represented as (TS5). (S5). (C). or (V)

There is no limitation on the length of the abstract. How-
ever, the sugpested length is from 150 t> 225 words.

14. KEY WORDsS: Key words are technically meaningful terms
or short phrases that characterize a repor! and may be used as
index entries for cataloging the report. Kev words must be
selected so that no security classificalion is required. Identi-
fiers, such as equipment tndel designetion, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assigoment of hinks, roles, and weights is optional.

46

CONFIDENTIAL

Security Classificatior




Naval Research Laboratory
Technical Library
Research Reports Section

DATE: June 19, 2002

FROM: Mary Templeman, Code 5227

TO: Code 5300 Paul Hughes /$ p /;2//0 2
CC: Tina Smallwood, Code 1221.1 £°

SUBJ: Review of NRL Reports

Dear Sir/Madam:

1. Please review NRL MR 1184, MR-1193, MR-1417, MR-1571, MR-1595, MR-1635, and
MR-1667 for:

I]Z/%SSible Distribution Statement
Possible Change in Classification
Thank you

Mary Templeman
(202)767-3425
maryt@hbrary.nrl.navy.mil —_—

The subject report can be:

@/ Changed to Distribution A (Unlimited) K
Changed to Classification (e lgsS/ o7 -
Other:

Qm&/é%ﬁ% F ¢fzfoz

Signature Date




Page: 1 Document Name: untitled

- 1 OF 1

--1- AD NUMBER: 369391

-- 2 - FIELDS AND GROUPS: 25/2

-- 3 - ENTRY CLASSIFICATION: UNCLASSIFIED

-- 5 - CORPORATE AUTHOR: NAVAL RESEARCH LAB WASHINGTON D C

--6 - UNCLASSIFIED TITLE: COMMUNICATIONS RELIABILITY OF TRANSMISSIONS
--  FROM NAVAL RADIO STATION (T), JIM CREEK, WASHINGTON, NPG AT 24.0 KC/
- S

-- 8 - TITLE CLASSIFICATION: UNCLASSIFIED

-9 - DESCRIPTIVE NOTE: INTERIM REPT.,

--10 - PERSONAL AUTHORS: GARNER,W. E. ;

--11 - REPORT DATE: JAN 1966

--12 - PAGINATION: 48P MEDIA COST: § 7.00 PRICE CODE: AA

--14 - REPORT NUMBER: NRL-MR-1667

--16 - PROJECT NUMBER: SR-008-01-01

-17 - TASK NUMBER: 7028

--20 - REPORT CLASSIFICATION:

--22 - LIMITATIONS (ALPHA): DISTRIBUTION: CONTROLLED: ALL REQUESTS TO
- DIRECTOR, NAVAL RESEARCH LAB., WASHINGTON, D. C.

--23 - DESCRIPTORS: (*RADIO TRANSMISSION, RELIABILITY(ELECTRONICS)),
-~ NAVAL SHORE FACILITIES, EXPERIMENTAL DATA, INFORMATION THEORY,

- ATMOSPHERICS

--24 - DESCRIPTOR CLASSIFICATION: UNCLASSIFIED

--29 - INITIAL INVENTORY: 20

--30 - ANNOTATION: COMMUNICATIONS RELIABILITY OF TRANSMISSIONS FROM NAVAL
- RADIO STATION, JIM CREEK, WASHINGTON.

--32 - REGRADE CATEGORY: C

--33 - LIMITATION CODES: 5

--35- SOURCE CODE: 251950

--36 - ITEM LOCATION: DTIC

--38 - DECLASSIFICATION DATE: OADR

--40 - GEOPOLITICAL CODE: 1100

--41- TYPE CODE: N

T APPROVED FOR PUBLIC
RELEASE - DISTRIBUTION
UNLIMITED

Date: 7/20/02 Time: 6:07:44PM




