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ELF PVS FIELD STRENGTH MEASUREMENTS, JANUARY AND FEBRUARY 1978

INTRODUCTION

The ELF* propagation validation system (PVS) is composed of the U. S.
Navy's extremely low frequency (ELF) Wisconsin Test Facility (WTF) and ELF
receivers (AN/BSR-l) installed on submarines and at certain land sites. The
WTF is located in the Chequamegon National Forest in north-central Wisconsin,
about 8 km south of the village of Clam Lake. It consists of two 22.5 km
antennas; one antenna is located approximately in the north-south (NS) direc-
tion and one is located approximately in the east-west (EW) direction. Each
antenna is grounded at both ends. At 76 Hz, the electrical axis of the NS
antenna is 14 deg east of north, while the electrical axis of the EW antenna
is 114 deg east of north.1 The WTF antenna array can be steered electrically
toward any particular location. Its radiated power is approximately 1 W.

The AN/BSR-l receiver is composed of an AN/UYK-20 minicomputer, a signal
timing and interface unit (STIU), a rubidium frequency time standard, two mag-
netic-tape recorders, and a preamplifier. The message output is on a teletype
(TTY), which is used to control the receiver. The submarine receiving antenna
is a buoyant cable 1.6 cm in diameter with electrodes spaced 300 m apart on a
580 m transmission line.

The system uses minimum shift keying (MSK) modulation with a center fre-
quency of 76 Hz. The signalling scheme uses block orthogonal coding to make
maximum use of the limited transmitter power available. This scheme provides
the most efficient use of the transmitter for short messages.

During January 1978, one submarine involved in testing was located in the
North-Atlantic area at a range of approximately 4.5 to 5 Mm from WTF, while
another test submarine was located in the Western-Pacific area at a range of
approximately 10 Mm from WTF. During February 1978, the North-Atlantic-area
submarine was approximately 4 to 4.5 Mm from WTF. Signal-strength (both
amplitude and relative phase), effective-noise, and signal-to-noise ratio
(SNR) data were recorded automatically whenever the ELF receiving antenna was
streamed, though no special operational posture was adopted to provide ELF
reception.

In the submarine data, the depth and orientation are automatically
accounted for by the receiver. The submarine data analyzed in this report
have been taken at essentially constant depth and orientation for considerable
periods of time. We also have a substantial amount of unreduced (as far as
signal amplitude and phase are concerned) submarine data where the speed,
depth, and orientation of the submarine were varying considerably. These par-
ticular data are not too useful for obtaining accurate signal amplitude and

*ELF (formerly called SANGUINE/SEAFARER) is an arbitrary designation

applied to ongoing extremely low frequency research by the U. S. Navy. The
term designates work directed toward the implementation of an ELF shore-to-
ship radio communication system.

-- " = '; -' a - " " " i . . . ' ... . : "1



TR 6775

phase information. However, they are very useful for obtaining information on
messages received during submarine maneuvers.

In this report, we will discuss the results of these January and February
1978 submarine field-strength measurements and will compare them with simul-
taneous measurements taken in Connecticut.

JANUARY 1978 WESTERN-PACIFIC-AREA RESULTS

During this time period, data were taken for about a week aboard the
Western-Pacific-area submarine, which was located at a range of approximately
10 Mm from WTF. Unfortunately, the measured effective noise* was contaminated
by submarine-generated noise (internal or external to the submarine), resulting
in poor SNR's and few field-strength samples per day.

The average of the limited amount of Western-Pacific-area field-strength
(both amplitude and relative phase), SNR, and (contaminated) effective-noise
measurements is presented in figure l.t From this curve, we see that the
diurnal field-strength variation was -7 dB, while the (contaminated) effec-
tive-noise variation was only 3 dB.

From our previous measurements,3 ,4 we have observed that during daytime
propagation conditions, the attenuation rate in the EW direction is approxi-
mately 0.3 dB/Mm greater than that in the west-east (WE) direction at 75 Hz.
This is in agreement with the theoretical work of Galejs,5 who showed that
below 100 Hz the attenuation-rate differences between EW and WE directions
will be slight.

The daytime and nighttime attenuation rates inferred from the March/April
1971 Utah/Hawaii measurements were 1.5 and 0.9 dB/Mm, respectively, while the
excitation factors were +0.3 dB during the day and -3.3 dB at night.3 ,4,6

Based on an analysis of all the Pacific-area PVS measurements, it appears
that the attenuation rates and excitation factors inferred from the March/April
1971 Utah/Hawaii measurements also apply to the general Pacific area, with the
exception of the nighttime excitation factor. This appears to be -2.1 dB

* (1.2 dB higher). It is interesting to note that the only other long-path
Pacific-area ELF measurements (i.e., Alaska/Saipan, May 19723,4) resulted in
a 75-Hz nighttime excitation factor of -4.5 dB, which was 1.2 dB lower than
that measured during March/April 1971.

* The average January 1918 Western-Pacific-area (-10 Mm from WTF) daytime,transition period, and nighttime measured field strengths were -160.5, -158.8,

and -156.9 dBA/m, respectively. Based on the abovementioned values of

*The effective-noise spectrum level (in dBA/m.l f Hz) is defined as the

spectrum level of ELF noise at the signa! frequency divided by the improvement

(in SNR) using nonlinear processing.
2

tFigures have been placed together at the end of this report or in the
applicable appendix.

2
I
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attenuation rate (1.5 and 0.9 dB/Mm) and excitation factor (+0.3 and -2.1 dB),
the predicted field strengths at a range of 10 Mm are -160.5, -158.7, and
-156.9 dBA/m, respectively, which are almost identical to the measured field
strengths.

Referring to figure 1, we see that the average Western-Pacific-area meas-
ured difference in relative phase (A ) between the nighttime and daytime

_ periods was approximately 105 deg. For a range of 10 Mm, this translates to a
A(c/v) of 0.115, which is very close to the 0.12 value measured in the North-
Atlantic area during January 1977.7

A comparison of the 1977-78 PVS Western-Pacific-area predicted an( .as-
ured field strengths is presented in figure 2. The data are all norma3 to
a WTF antenna phasing factor of 0 dB (i.e., F( )/B = 1.0). During Mal
early October, and late October 1977, respectively, the range from WTF
approximately 7.25, 8.5, and 11.5 Mm. The predicted values are based
abovementioned values of attenuation rate (1.5 and 0.9 dB/Min) and excit. -in
factor (+0.3 and -2.1 dB). Note that the predicted field strengths are in
excellent agreement with the measured field strengths at all four locations
during daytime, transition period, and nighttime propagation conditions.

JANUARY 1978 NORTH-ATLANTIC-AREA RESULTS

During this time period, data were obtained on 12 days from the North-
Atlantic-area submarine. Unfortunately, no data were obtained from the Con-
necticut site, because the microwave link connecting the Fisher's Island, NY,
receiving antenna to the Naval Underwater Systems Center (NUSC) receiver at
New London, CT, was not operating. The daily plots of the North-Atlantic-area
signal strength (both amplitude and relative phase), effective noise, and SNR
versus Greenwich Mean Time (GMT) are presented in appendix A. The WTF antenna
phasing angle (*) was 291 deg throughout January and the transmitting frequency
was 76 ±4 Hz.

Presented in table 1* are the January 1978 North-Atlantic-area submarine
daily field-strength averages. The data are broken up into four time periods,
which should be representative of

1. Nighttime propagation conditions (-0000 to 0800 GMT),

2. Sunrise transition period (SRTP) propagation conditions (-0800 to
1330 GMT),

3. Daytime propagation conditions (-1330 to 2000 GMT), and

4. Sunset transition period (SSTP) propagation conditions (-2000 to
2400 GMT).

Referring to table 1, we see that there is a considerable day-to-day vari-
ation in the received field strengths. That is, the average field strength

*All tables are placed together at the end of this report.

3
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sometimes changes by 2 to 4 dB from one day to the next. This phenomenon is
typical of ELF propagation on northern latitude paths.

7-1 2

The January 1978 average field-strength (both amplitude and relative
phase), SNR, and effective-noise values are plotted in figure 3 versus GMT.

. From this figure, we see that the highest field strengths were measured around
". the beginning of the daytime measurement period (1300 to 1400 GMvT), while the
* lowest field strengths were measured during the 0400 to 0600 GMT portion of

the nighttime period. The average daily effective-noise variation was approxi-
mately 5 dB, with the minimum values measured during the early morning hours
(0700 to 0900 GMT) and the maximum values measured during the late afternoon
and early evening hours (1900 to 2100 GMT).

A plot of the January 1978 North-Atlantic-area SNR distribution (N - 410
30-min samples) is presented in figure 4. From this curve, we see that the

* predetection (in a 1-Hz bandwidth) SNR at optimum heading was greater than
-10 dB 50 percent of the time and greater than -14 dB 98 percent of the time.
The postdetection SNR (after a 30-mmn integration time) was greater than 22.5
dB 50 percent of the time and greater than 18.5 dB 98 percent of the time.

During January, March, April, and October 1977, field-strength measure-
ments were taken in Connecticut and aboard submarines located in the North-
Atlantic/Norwegian-Sea area. The daytime and nighttime attenuation rates
inferred from these measurements were 1.25 and 0.9 dB/Mm, respectively, while
the excitation factors were -1.0 dB during the day and -3.8 dB at night.7-1

0

These values are consistent with previous measurements taken over similar
paths.

3 ,4

Referring to table 1, we see that the average January 1978 North-Atlan-
tic-area (-4.75 Mm from WTF) daytime, transition period, and nighttime meas-
ured field strengths were -152.3, -152.9, and -154.5 dBA/m, respectively.
Based on the abovementioned values of attenuation rate and excitation factor,
the predicted field strengths at a range of 4.75 Mm are -152.4, -153.0, and
-153.6 dBA/m, respectively. Note that there is excellent agreement between
the measured and predicted daytime and transition-period field strengths. On
the other hand, the measured nighttime field strengths were approximately 1 dB
lower than predicted, which was probably caused by a decrease in the nighttime
excitation factor.

4Referring again to table 1, we see that the average North-Atlantic-area
measured difference in relative phase (A4) between the nighttime and daytime
pc.iods was -64 deg. For a range of 4.75 Mm, this translates to a A(c/v) of
0.15, which is the average value measured in the North-Atlantic area during
1977-78.

FEBRUARY 1978 CONNECTICUT RESULTS

For the Connecticut measurements, the AN/BSR-1 receiver is located in
Room 3111 of Building 80, at NUSC. The loop receiving antenna is located at
Fisher's Island, about 10 km from New London. The receiver and receiving
antenna are connected by means of a microwave link. The receiving antenna is
located approximately 50 m from an NUSC building at Fisher's Island which
houses the ELF preamplifier and associated circuitry.

4
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During February 1978, the WTF antenna phasing angle (i) was 291 deg and
the transmitting frequency was 76 ±4 Hz.

Listed in table 2 are the February 1978 Connecticut daily field-strength
averages (both amplitude and relative phase) for the 18 days on which measure-
ments were made. The monthly average measured field strengths were -143.4,
-144.2, and -145.8 dBA/m during daytime, transition period, and nighttime

"" propagation conditions.

For a WTF antenna phasing angle of 291 deg, the average Connecticut field
* . strength should equal --143.3, -144.4, and -145.5 dBA/m during daytime, tran-

sition period, and nighttime propagation conditions (assuming the same atten-
uation rates and excitation factors as the WTF/North-Atlantic path). Thus,
the monthly average measured field-strength levels are about as expected.

The February night-to-day average relative-phase variation was 19 deg,
which corresponds to a monthly average A(c/v) of 0.13. The largest relative-
phase variation (26 deg) occurred on 18 February, while the smallest relative-
phase variation (14 deg) occurred on 6 February.

Figures 5 through 10 are the February Connecticut daily field-strength
plots. The effective noise was not plotted because it was contaminated by
industrial noise throughout most of February.

Amplitude peak-to-trough variations of 5 dB or greater occurred during
only 1 of the 18 measurement days, on 22 February (figure 9). The highest
average nighttime field strength (-144.4 dBA/m, -1.4 dB above the monthly
average) was measured on 6 February (figure 5), which was also when the small-
est night-to-day relative-phase variation (14 deg) occurred. The lowest night-
time field strength (148.8 dBA/m, -3 dB below the monthly average) was measured
from 0530 to 0630 GMT on 22 February (figure 9).

The highest average daytime field strength (--143.0 dBA/m, -0.4 dB above
the monthly average) was measured during 3 to 12 February (figures 5 and 6),
while the lowest average daytime field strength (--144.0 dBA/m, -0.6 dB below
the monthly average) was measured during 20 to 26 February (figures 8 through
10). These daytime field-strength differences will be discussed in more detail
in the next section.

During the transition period, the highest average field strength (--143.3
dBA/m, -0.9 dB above the monthly average) was measured on 27/28 February (fig-
ure 10), while the lowest average field strength (-145.0 dBA/m, -0.8 dB below
the monthly average) was measured on 20, 25, and 26 February (figures 8 through
10).

I
FEBRUARY 1978 NORTH-ATLANTIC-.kREA RESULTS

During this time period, data were obtained on 24 days from the North-
Atlantic-area submarine. The daily plots of signal strength (both amplitude

4and relative phase), effective noise, and SNR are presented in appendix B.
The WTF antenna phasing angle (*) was 291 deg during February and the trans-
mitting frequency was 76 ±4 Hz.

5
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Presented in table 3 are the February 1978 North-Atlantic-area submarine
daily field-strength averages. The data are broken up into four time periods
which should be representative of

1. Nighttime propagation conditions (-0030 to 0830 Gif),

2. Sunrise transition period (SRTP) propagation conditions (-0830 to
I 1300 GMT),

*: 3. Daytime propagation conditions (-1300 to 2000 GT), and

4. Sunset transition period (SSTP) propagation conditions (-2000 to
0030 GMT).

During January, March, April, and October 1977, field-strength measure-
ments were taken in Connecticut and aboard submarines located in the North-
Atlantic/Norwegian-Sea area. The daytime and nighttime attenuation rates
inferred from these measurements were 1.25 and 0.9 dB/Mm, respectively, while
the excitation factors were -1.0 dB during the day and -3.8 dB at night.7 -1 0

- These values are consistent with previous measurements taken over similar
paths.

3,4

Referring to table 3, we see that the average February North-Atlantic-
area (-4.25 Mm from WTF) daytime, transition period, and nighttime measured
field strengths were -151.3, -152.0, and -152.7 dBA/m, respectively. Based on
the abovementioned values of attenuation rate and excitation factor, the pre-
dicted field strengths at a range of 4.25 Mm are -151.3, -152.0, and -152.7
dBA/m, respectively, which are identical to the average monthly measured
values.

Referring again to table 3, we see that the measured average difference
in relative phase (A6) between the nighttime and daytime periods was 56 deg
during February. For a range of 4.25 Mm, this translates to a A(c/v) of 0.14,

- which is very close to the 0.13 value inferred from the Connecticut measure-
ments alone.

A plot of the February 1978 North-Atlantic-area SNR distribution (N = 805
30-min samples) is presented in figure 11. From this curve, we see that the

4predetection (in a 1-Hz bandwidth) SNR at optimum heading was greater than -9
dB 50 percent of the time and greater than -14 dB 98 percent of the time. The
postdetection SNR (after a 30-min integration time) was greater than 23.5 dB
50 percent of the time and greater than 18.5 dB 98 percent of the time.

The normalized 1977-78 North-Atlantic-area average field strengths meas-
ured during six different time periods are presented in table 4, while a com-
parison of the 1977-78 PVS North-Atlantic-area predicted and measured field
strengths is presented in figure 12. The data are all normalized to a WTF
antenna phasing factor of 0 dB (i.e., F( )/B = 1.0). The average range from
WTF was 4 to 5 Mm. The predicted values are based on the abovementioned values
of attenuation rate (1.25 and 0.9 dB/Mm) and excitation factor (-1.0 and -3.8
dB). Note that, with the exception of the January 1978 nighttime measurements,

* the predicted values are in excellent agreement with the measured values at all
five locations.
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Turtle et al. 1 3 have recently provided a summary of disturbance effects
of energetic-particle events on very low frequency/low frequency (VLF/LF)
propagation parameters, as observed by the U. S. Air Force High Resolution
VLF/LF Ionosounder in northern Greenland during 1978. Disturbance effects on
ionospheric reflectivity parameters, including reflection heights and coef-
ficients, were presented along with data from a riometer, a magnetometer, and
satellite particle detectors.

Since 1978 was a very active year, ionospheric disturbance effects of 16
energetic-particle events were reported.13 The characteristics of the effects
of energetic particles on the VLF/LF propagation parameters are a function of
event size and solar-illumination conditions. The reflection heights for both
parallel and perpendicular components drop coincident with the influx of ener-
getic particles. The level to which the height drops depends on the magnitude
of the particle flux and the solar-illumination conditions during the event.13

One of the strongest solar-particle events occurred in February 1978 dur-
ing the transition period from night conditions in December to day-night con-
ditions in March (at local noon, the sun just barely reached the horizon at
Thule). A polar cap absorption (PCA) (6 dB riometer absorption) began at 0950
GMT on 13 February and the time of maximum 13-25 million electron volts (MEV)
proton flux was 0600 on 14 February. This event caused a 28 km drop in noon-
time reflection height at Thule, followed by a gradual return to normal over
the next 7 days. Even at night, during the first day of the event, the
reflection height remained -25 km lower than normal due to the continued high
particle-flux rate. For the next several days, however, there was a strong
diurnal variation which was not present before or after the event. This vari-
ation was probably caused by a combination of particle-produced ionization
with varying photodetachment and attachment processes. As the sun approached
the horizon, photodetachment produced increased electron densities, lowering
the reflection heights. After local noon, as the solar zenith angle
increased, the effective reflection heights increased due to attachment. 13

A short-lived (1-day) low-energy event also occurred on 25 February. The
ionospheric disturbance started at 1555 GMT and the time of maximum 13-25 MEV
proton flux was 2000 GMT. This event caused a 20-km decrease in the 16-kHz
reflection height.

Effects from the 13 February 1978 solar-particle event were also observed
on the North-Atlantic-area submarine, which was located approximately 3 to 5
Mm southeast of Thule.

The 1. through 12 February North-Atlantic-area average field-strength
(both amplitude and relative phase), SNR, and effective-noise values are plot-
ted in figure 13 versus GMT. From this figure, we see that the highest field
strengths were measured around WTF sunrise (-1300 GMT), while the lowest field
strengths were measured during the 0500 to 0700 GMT portion of the nightti.ne
period. The average daily effective-noise variation was approximately 4 dB,
with the minimum values measured during the early morning hours (0200 to 0400
GMT) and the maximum values measured during the late-afternoon and early-eve-
ning hours (1900 to 2100 GMT). The average night-to-day relative-phase vari-
ation was 60 deg, which, for a range of 4.2 Mm, translates to a A(c/v) of
0.16.
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Presented in figure 14 are the 13 February 1978 North-Atlantic-area data.
Comparing this figure with figure 13, we see that the 13 February nighttime
field strengths were slightly higher (-l dB) than the 1 to 12 February average,
while the SSTP and daytime field strengths were approximately the same. How-
ever, at the PCA starting time (-1000 GMT), the relative phase abruptly dropped
to the daytime value, 3 hr before WTF sunrise!

The 14 to 16 February North-Atlantic-area submarine data are plotted in
figure 15 versus GMT. The 2100 to 0200 SSTP and nighttime field strengths
were 1 to 1.5 dB higher than the 1 to 12 February average (figure 13), while
the 0200 to 1500 field strength was about the same as that measured on 13
February (figure 14). However, the average night-to-day relative-phase vari-

. ation was only 7 deg as compared to the 60 deg average value measured from 1
to 12 February (figure 13)!

- This substantial A variation is further illustrated in figure 16, which
is a plot of the I to 20 February 1978 North-Atlantic-area daily average rel-
ative-phase variation versus day of the month. From this plot, we see that

" from 5 to 11 February, A - 60 deg, the 1 to 12 February average value. Dur-
ing 12 February, A increased to 88 deg, then returned to normal on 13 Feb-
ruary. However, during 14 February, A0 decreased to -6 deg, then gradually

*increased to its normal value by 18 February. The average night-to-day rela-
tive-phase variation was approximately 0 deg during 14 and 15 February, which
corresponds to a A(c/v) of zero. This also infers a decrease in the nighttime
reflection height of 25 to 30 km during these two nights.

Referring to the 13 to 15 February Connecticut relative-phase data (table
2 and figures 6 and 7), we see that the 15 February A0 variation was only 15
deg, as compared to the monthly average of 19 deg. However, the 13 to 15
February average A0 variation was -18 deg, which is comparable to the monthly
average. Thus, the effect of the .13 February 1978 PCA on the Connecticut

*nighttime reflection height was minor.

The 17 to 19 February North-Atlantic-area submarine average data are
*, plotted versus GMT in figure 17, while the 20 to 25 February data are plotted

in figure 18. From these curves, we see that the field strengths are lower
and the average relative-phase values are increasing. One reason for this is
that the submarine was located at a slightly greater range during 17 to 25
February. Another reason (as we shall see) is that the daytime attenuation
rate has changed.

Presented in table 5 are the February 1978 North-Atlantic-area average
field strengths during specific time periods. The average range from WTF was
4.2 Mm from 1 to 12 February, 3.9 Mm from 14 to 16 February, 4.4 Mm from 17

*to 19 February, and 4.5 Mm from 20 to 26 February.

As was previously mentioned, the average February 1978 North-Atlantic-
area measured field strengths are identical to the 4.25 Mm predicted values,
which are based on attenuation rates and excitation factors inferred from
previous PVS measurements. Referring to table 5, we see that the average
measured nighttime field strengths at ranges of 3.9, 4.2, 4.4, and 4.5 Mm
were -152.1, -152.6, -153.2, and -153.1 dBA/m, respectively. Based on the
previously mentioned values of nighttime attenuation rate (0.9 dB/Mm) and

8
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excitation factor (-3.8 dB), the predicted nighttime field strengths at these
four ranges are -152.0, -152.6, -153.0, and -153.1 dBA/m, respectively, which
are in excellent agreement with the measured nighttime field strengths.

Referring again to table 5, we see that the average measured daytime
field-strength values at ranges of 3.9, 4.2, 4.4, and 4.5 Mm are -150.4,

""* -150.3, -151.8, and -153.5 dBA/m, respectively. Based on the previously men-
tioned values of daytime attenuation rate (1.25 dB/Mm) and excitation factor
(-1.0 dB), the predicted daytime field strengths at these four ranges are
-150.6, -151.2, -151.7, and -151.9 dBA/m, respectively. Note that the 14 to
19 February predicted daytime field strengths (at 3.9 and 4.4 Mm) are in
excellent agreement with the measured field strengths. However, the 1 to 12
February measured daytime field strengths (at 4.2 Mm) are -1 dB higher than
predicted, while the 20 to 25 February measured daytime field strengths (at
4.5 Mm) are -1.5 dB lower than predicted.

As we previously noted, the Connecticut daytime field strengths measured
from 3 to 12 February were -1 dB greater than those measured from 20 to 26
February (see table 2). The fact that the difference between the 1 to 12 and
20 to 26 February measured values is greater in the North Atlantic than in
Connecticut suggests a change in the daytime attenuation rate rather than a
change in the daytime excitation factor.

A comparison of the measured and predicted February 1978 Connecticut and
North-Atlantic-area daytime field strengths is presented in table 6. The 14
to 19 February field-strength predictions are based on the monthly average
values of attenuation rate (1.25 dB/Mm) and excitation factor (-1.0 dB).

The 1 to 12 February daytime predictions assume an attenuation rate of
only 1 dB/Mm (0.25 dB/Mm less than the monthly average) and an excitation
factor of -1.1 dB. The 20 to 25 February predictions assume an attenuation
rate of 1.5 dB/Mm (0.25 dB/Mm more than the monthly average) and excitation
factor of -1.3 dB. Referring to table 6, we see that the agreement between
the predicted and measured Connecticut and Nqorth-Atlantic-area daytime field
strengths is excellent during each of the four time periods.

The short-lived low-energy solar-particle event of 25 February also
appeared to affect ELF daytime propagation. However, this is not conclusive,
since no Connecticut data were obtained on 24 February and no North-Atlantic-

4 area data were obtained after 25 February. Nonetheless, the 25 February 1800
to 2000 North-Atlantic-area daytime field strengths were -3.5 dB less than
those measured on 24 February (see appendix B) and the 25 February 1600 to
2000 daytime field strengths were 0.5 to 2 dB less than those measured during
the next three days (see figures 9 and 10).

I
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CONCLUSIONS

The average measured field strengths (both amplitude and relative phase)
taken aboard two submarines, one located in the North-Atlantic area and one
located in the Western-Pacific area, during January/February 1978 are in
excellerit agreement with simultaneous measurements taken in Connecticut and
with previous measurements taken over similar paths.

ELF propagation effects were also observed before, during, and after the
13 February 1978 significant solar-particle event at both the Connecticut and
North-Atlantic-area locations. When the PCA started (3 hr before WTF sunrise),
the Nofth-Atlantic-area relative phase immediately dropped to the daytime
level and remained there for 2 days (which infers a decrease in the nighttime
reflection height of 25 to 30 km). Meanwhile, the Connecticut relative-phase
variation was near normal.

Based on an analysis of both the Connecticut and North-Atlantic-area
daytime field strengths, it appears that the daytime attenuation rate was -1.0
dB/Mm before the event, -1.25 dB/Mm for 6 days after the event, and -1.5 dB/Mm
for 7 to 12 days after the event. However, the daytime excitation factor only
varied by 0.1 to 0.3 dB.

*' Table 1. January 1978 North-Atlantic-Area Submarine

Daily Field-Strength Averages

Night H SRTP H$ Day H SSTP H, RelativeDate (dBA/m) (dBA/m) (dBA/m) (dBA/m) Phase (deg)

12/31 -154.3 -154.7 -153.6 -151.1 68

1/1 -155.9 -155.8 -154.0 -152.0 78

1/21 -153.9 -152.5 -152.2 -151.5 60

1/22 -155.1 -153.1 -152.5 -152.0 23

1/24 -155.0 -153.1 -152.3 -153.3 68

1/25 -154.7 -153.8 -152.3 -152.1 100

1/26 -155.8 -153.3 -151.9 -154.4 68

1/27 -155.9 -154.2 -153.3 -153.3 64

1/28 -154.8 -152.5 -152.2 -152.4 75

1/29 -153.2 -152.5 -151.5 -152.7 50

1/30 -153.3 -152.3 -150.8 -153.0 62

1/31 -152.4 -152.1 -151.0 -152.2 47

-Monthly Averages -154.5 -153.3 -152.3 -152.5 64

I
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Table 2. February 1978 Connecticut Daily Field-Strength Averages
Date Day H0  SSTP H0  Night H0  SRTP H0  A

(dBA/m) (dBA/m) (dBA/m) (dBA/m) (deg)

2/2-2/3 -142.9 -143.9 -145.6 -144.1 16

2/4-2/S -143.0 -144.1 -145.4 -143.7 17

2/5-2/6 -142.9 -143.7 -144.4 -143.7 14

2/10-2/11 -143.0 -143.9 -145.6 -144.6 20

2/11-2/12 -143.0 -144.3 -145.1 -144.4 20

2/12-2/13 -143.1 - -145.8 -144.8 18

2/13-2/14 -143.1 -143.5 -146.3 -144.9 20

2/14-2/15 -143.3 -144.0 -146.2 -144.2 15

2/17-2/18 -143.2 -144.1 -145.4 -144.7 26

2/18-2/19 -143.6 -144.2 -145.7 -144.6 20

2/19-2/20 -144.0 -144.3 -145.9 -145.0 22

2/20-2/21 -143.8 -144.4 -146.3 -145.0 24

2/21-2/22 -143.7 -143.7 -146.4 -144.3 21

2/22-2/23 -144.2 -144.0 -145.6 -144.4 20

2/24-2/25 -144.2 -144.1 -145.9 -145.0 16

2/25-2/26 -143.9 -144.7 -146.0 -144.5 16

2/26-2/27 -143.6 -144.0 -146.1 -144.4 19

2/27-2/28 -143.1 -143.3 -145.8 -144 t 18

Monthly Average -143.4 -144.0 -145.8 -144.4 19

a
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Table 3. February 1978 North-Atlantic-Area Submarine
Daily Field-Strength Averages

DaeNight H. SRTP H Day He SSTP H, RelativeDate (dBA/m) (dBA/m) (dBA/m) (dBA/m) Phase (deg)

1/31-2/1 -152.8 -151.3 -150.9 -152.3 53

2/1-2/2 -153.1 -151.6 -150.6 -151.5 48

2/2-2/3 -152.6 -151.0 -149.9 48

2/4-2/S -151.7 -151.5 -149.6 -152.3 60

2/5-2/6 -152.0 -152.3 -150.0 -151.3 58

2/6-2/7 -152.2 -151.8 -151.2 -152.1 62

2/7-2/8 -153.1 -151i. -150.3 -153.1 58

2/8-2/9 -153.5 -151.8 - -152.8 62

2/9-2/10 -154.0 -151.4 -150.2 - 59

2/10-2/11 -151.8 -150.5 -149.8 -153.1 63

2/11-2/12 -152.4 -151.8 -151.1 -150.4 88

2/12-2/13 -152.0 -151.7 -150.1 - S6

2/13-2/14 -152.5 -153.3 -150.2 -150.s -6

2/14-2/15 -152.3 -150.0 -150.7 -151.0 7

2/15-2/16 -151.7 -152.0 -150.3 -150.2 20

2/16-2/17 -152.5 -151.9 -151.1 -149.9 41
2/17-2/18 -153.3 -152.7 -151.2 -151.S 65

2/18-2/19 -154.0 -153.3 -153.1 -153.4 66

2/19-2/20 -152.3 -153.0 -152.4 - 60

2/20-2/21 -153.0 -153.0 -1S3.5 -152.5 77

2/21-2/22 -153.0 -153.0 -153.5 -151.3 83

2/22-2/23 -152.3 -152.5 -153.8 -152.7 88

2/23-2/24 -154.2 -153.1 -152.9 -152.9 64

2/24-2/25 -154.0 -153.9 -154.2 -152.0 57

Monthly Average -152.7 -152.0 -151.3 -151.9 56
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Table 4. 1977-78 North-Atlantic-Area Average Field Strengths
(Normalized to F(f)/B = i.0)

January March April October January February 1977-78
Time 1977 H0  1977 Hf 1977 Ho 1977 H0  1978 Hf 1978 H0  Average H4

(dBA/m) (dBA/m) (dBA/m) (dBA/m) (dBA/m) (dBAlm (dBA/m)

Day -152.8 -151.0 -151.7 -151.7 -152,3 -151.3 -151.8

SSTP -152.7 -150.9 -151.2 -151.8 -152.5 -151.9 -151.8

Night -154.2 -152.1 -153.0 -153.1 -154.5 -152.7 -153.2

SRTP -153.5 -151.7 -151.8 -151.8 -153.3- -152.0 -152.3

Total TP -153.3 -151.3 -151.5 -151.8 -152.9 -152.0 -152.1

A0 (deg) 56 60 - 60.5 64 56 59

Average
Distance
(Mm) 5.0 4.0 4.5 4.5 4.75 4.25 4.5

A(c/v) 0.12 0.16 - 0.15 0.15 0.14 0.145

Table 5. February 1978 North-Atlantic-Area Average
Field Strengths During Specific Periods

Time 2/1-2/12 Hf 2/14-2/16 Hf 2/17-2/19 Hf 2/20-2/25 H Average Hf

(dBA/m) (dBA/m) (dBA/m) (dBA/m) (dBA/m)

Day -150.3 -150.4 -151.8 -153.3 -151.3

SSTP -152.1 -150.5 -151.6 -152.3 -151.9

Night -152.6 -152.1 -153.2 -153.1 -152.7

SRTP -151.4 -151.7 -152.6 -153.0 -152.0

Total TP -151.7 -151.1 -152.1 -152.6 -152.0

0 (deg) 60 7 57 71 56

Average
Distance
(Mm) 4.2 3.9 4.4 4.5 4.25

* A(c/v) 0.16 0.02 0.14 0.17 0.14

13
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Table 6. Comparison of Measured and Predicted February 1978
Connecticut and North-Atlantic

Daytime Field Strengths

.- DRange Measured Ho Predicted Ho
Date Location (Mm) (dBA/m) (dBA/m)

2/1-2/12 North Atlantic 4.2 -150.3 -150.3

2/1-2/12 Connecticut 1.6 -143.0 -143.0

2/14-2/16 North Atlantic 3.9 -150.4 -150.6

2/14-2/15 Connecticut 1.6 -143.2 -143.3

2/17-2/19 North Atlantic 4.4 -151.8 -151.7

2/18-2/19 Connecticut 1.6 -143.4 -143.3

2/20-2/25 North Atlantic 4.5 -153.3 -153.3

2/20-2/26 Connecticut 1.6 -144.0 -144.0

41
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Appendix A

JANUARY 1978 NORTH-ATLANTIC-AREA SUBMARINE DAILY DATA

During January of 1978, data were obtained on 12 days from the North-At-
lantic-area submarine. The daily field-strength (both amplitude and relative
phase), effective-noise, and SNR values are plotted versus GMT in figures A-I
through A-12 in this appendix. The WTF antenna phasing angle (*) was 291 deg
and the transmitting frequency was 76 ±4 Hz.

U . Amplitude peak-to-trough variations of 6 to 7 dB occurred during 4 of
the 12 measurement days (31 December and 1, 22, and 28 January, figures A-1,
A-2, A-4, and A-9). The minimum nighttime field strength was usually measured
from 0400 to 0800 GMT.

The night-to-day relative-phase variation was -64 deg, with the largest
variation (100 deg) occurring on 25 January (figure A-6), and the smallest
variation (23 deg) occurring on 22 January (figure A-4).

The largest daily peak-to-trough variations in the effective noise (11 dB)
were measured during I January (figure A-l), which was also when the largest
peak-to-trough amplitude variation (-7 dB) occurred.

It should be noted that all of the submarine effective-noise data pre-
sented in this report are contaminated to some degree by submarine-generated
noise (external or internal to the submarine). Thus, the effective-noise
values presented here are on the high side.

A-i
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Appendix B

FEBRUARY 1978 NORTH-ATLANTIC-AREA SUBMARINE DAILY DATA

During February of 1978, data were obtained on 24 days from the North-At-
lantic-area submarine. The daily field-strength (both amplitude and relative
phase), effective-noise, and SNR values are plotted versus GMT in figures B-1
through B-24 in this appendix. The WTF antenna phasing angle (i) was 291 deg
and the transmitting frequency was 76 ±4 Hz.

Amplitude peak-to-trough variations of 6 dB or greater did not occur dur-
ing the 24 measurement days. The minimum nighttime field strength was usually
measured from 0400 to 0800 GMT.

The night-to-day relative phase variation was -56 deg, with the largest
variation (88 deg) occurring on 12 and 23 February (figures B-11 and B-22),
and the smallest variation (-6 and 7 deg) occurring during the first two days
following the 13 February PCA event (figures B-13 and B-14).

The largest daily peak-to-trough variations in the effective noise (8 to
9 dB) occurred during 1, 3, 19, 21, and 25 February (figures B-1, B-3, B-18,
B-20, and B-24).

It should be noted that all of the submarine effective-noise data pre-
sented in this report are contaminated to some degree by submarine-generated
noise (external or internal to the submarine). Thus, the effective-noise
values presented here are on the high side.

B-i1



TR 6775

-14&8-

-154

152+T

-154.

-156- SSTP -4.----NI GHT om- lo ~u-SRTP-.f u - DAY

77 60.

S40-

S20-
LU

-2.

-4-

-6

-8

-140-

-142-

-- 144-

_-146-

0D

4 -148-

20 ~? 00 02 04 06 08 10 12 14 16 18 20
GMT (hr)

Figure B-1. North-Atlantic-Area Submarine Data Versus
GMT, 31 January and 1 February 1978

B-2



TR 6775

-1 48

r= -150

* -152

-154

80

S60

~40-

S20

0

-4-

-6

-80

\00

-12

-138-

-140-

-142

-1461

20 22 00 02 06 08 10 12 14 16 18 2'0
GMT (hr)

Figure B-2. North-Atlantic-Area Submarine Data Versus
GMT, 1 and 2 February 1978

B-3



TR 6775

U -148

Ei-150

""" -152'

-154-

80

()
"S 60

U U,
- 40,

0-

-2 -

-4-

". -138-

-140-

2

-1

6 -144
; -142

- 144

- 0 12 4-8 02 04f t f 06 It I0 M2 1416 18 t0
GMT (hr)

Figure B-3. North-Atlantic-Area Submarine Data Versus
GMT, 2 and 3 February 1978

B-4
I



TR 6775

-14D

a-15Z

-154-

0*

-1

S40-

S20-

L..

-4.

-6f
S-8

-10.

4 -140-

( -- 142

L, -144-

4 -146

20 2-2 00 0'2 04 06 08 10 1-2 14 16 18 20
GMT (hr)

Figure B-4. North-Atlantic-Area Submarine Data Versus
GMT, 4 and 5 February 1978

B-5



TR 6775

-142

-154

80- I-uSSTP--I-.---NIGHT - s--SRTP DAY

7.60-

LI)

LU

-2-

-12

-138

* -140-

--142-

-144-

* -146

20 22 00 02 04 06 08 10 12 14 16 18 20
GMT (hr)

Figure B-S. North-Atlantic-Area Submarine Data Versus
GMT, 5 and 6 February 1978

B-6



TR 6775

-148-

-154-

80-

2~60-

CL 40.

S20

0

i---SSTP-.---- NIGHT-uf- SRTP.- fuDAY -i

-6.

-140

-142.

, -144

--146.

-148, 4
20 22 00 02 04 06 08 10L 1*2 114 16 168 20

GMT (hr)

Figure B-6. North-Atlantic-Area Submarine Data Versus
GMT, 6 and 7 February 1978

B-7



* TR 6775

-148

.~-150

-.152.

-154

~60.

= 40-

E: 20.
_5

0.

I--SSTP-~j~---- N IGHT - onu.on SRTP -ij.'we-- DAY

-4

-6

-10.

-12

-140

-142.

~,-144-

-148

20 22 00 02 04 06 08 10 12 14 16 118 20
GMT (hr)

Figure B-7. North-Atlantic-Area Submarine Data Versus
GMT, 7 and 8 February 1978

*~ B-8



TR 677S

-148

-150

~ 152

-154

-156

60-

S40-

Uj 20-

S0.

-6.

S-10.

-12-

* -142.

-144-

~,-146-

-148.

-150A
20 22 00 02 04 06 08 110 1'2 14 16 18 20

GM4T (hr)

Figure B-8. North-Atlantic-Area Submarine Data Versus
GMT, 8 and 9 February 1978

B-9



TR 677S

-150

S-152-

-154-

-156-

80- j-SSTP NIGHT SRTP -4-----DAY

Z 60-

S40-

20-

0-

-4

S-8-

-10

* -140

-142-

-144 
,o

* -146-

-14,
20 22 00 02 04 06 08 10 12 14 16 18 20

GMT (hr)

Figure B-9. North-Atlantic-Area Submarine Data Versus
GIMT, 9 and 10 February 1978

B- 10



TR 6775

-14a

-150.0* 40

S-152

-154-

-156- Fm-SSTP -~.---~NI GHT-.-mf.-SRP -. I.....DAY *--m'

80.

0- 40

40-

< 20
.4

0

-6

-8.

-14-1

-142

w-144.

4 -146.

_I148.I I * I
20 22 00 02 04 06t 08 10 12 14 16 118 20

GMT (hr)

Figure B-10. North-Atlantic-Area Submarine Data Versus
GMT, 10 and 11 February 1978

B-1i



* TR 6775

-14&

* -- 150

S-15Z

-154-

-156 NIH DRP AY

100.

V) 60-

40"

I-

S20V

co -10-

-14-

-136-

* -138

-140
U.1

-142

* -144

20 24O 0 04 06 08 10 12 14 16 18 2

GMT (hr)

Figure B-11. North-Atlantic-Area Submarine Data Versus
GMT, 11 and 12 February 1978

B-12



TR 6775

-148..

-150-
kE

co -152-

= -154-

-156- PCA

I STARTING
80-- TIME

60-

Q- 40.
Uj

< 20.

0-

-2- I-o-SSTP -4a- - NIGHT - SRTP- -. DAY :

-4"

p -6

-8-

-10-

-136-

-138.

-140-

-142-

-144

-146 I I I I I I
20 22 00 02 04 06 08 10 12 14 16 18 20

GMT (hr)

Figure B-12. North-Atlantic-Area Submarine Data Versus
GMT, 12 and 13 February 1978

B-13



TR 6775

-148

-152

=O
S"-154

-156

TIME OF MAXIMUM
PROTON FLUX

* 40

:F 20.
0o

0.J

• -20.LU -2oSSTP --I NIGHT I SRTP l DY-

-40.

-- 10.

-12

-14

-13a

*-140 
. 10'

• -142-

S-144.

* -146-

-18 *-14 2 22 00 02 04 06 08 10 12 14 16 18 20
GMT (hr)

Figure B-13. North-Atlantic-Area Submarine Data Versus
GMT, 13 and 14 February 1978

B-14



I

TR 6775

-148

-150-

co - 152-

-154-

-156-

60-

2 40-

l 20- -

--

-*-SSTP NIGHT 5-b SRTP -4-- DAY

-20-

=6-

. -8.

-10

-12-

-14-

-138-

-140-

.- 142-

S-144-

4 -146-

-148 I I I I I ! I I I I
20 22 00 02 04 06 08 10 12 14 16 18 20

GMT (hr)

I
Figure B-14. North-Atlantic-Area Submarine Data Versus

GMT, 14 and 15 February 1978

B-15



TR 6775

-150-
E

a -152-

-154-

-156-

S 60-

S40-

0.

uj 20-

I-

~~ 0 I-*.-SSTP -w.----NI GHT-4.- SRTP -4u---DAY-um.

-62

-8

-120'

142

CD-140"

4 -146-

-148-
20 22 00 02 04 06 08 10 12 14 16 18 20

GMT (hr)

Figure B-15. North-Atlantic-Area Submarine Data Versus
GMT, 15 and 16 February 1978

B-16



TR 6775

-150-

co -152 -

--154 -

-156-

80-

- 6 60

z40-

.j

0-
H.*-SSTP -.---- NIGHT --. fu-SRTP-.fu--- DAY

-108-

-120-

142-

G-164-

-140-

-144

20 22 00 02 04 06 08 110 1'2 14 1'6 1'8 20
GMT (hr)

Figure B-16. North-Atlantic-Area Submarine Data Versus
GMT, 16 and 17 February 1978

B-17



TR 6775

-148-

-150-

E-152-

co

-156

-158-

80

* 6 60

M 40-

'- 20
-J

0-

) -14 -

-16-

-134-

-136-

S-138-

C3- -140-

* -142-

-144-
20 22 00 02 04 06 08 10 12 14 16 18 20

GMT (hr)

Figure B-17. North-Atlantic-Area Submarine Data Versus
GIMT, 17 and 18 February 1978

B- 18



TR 6775

-148

.- 152.

-a.-] 54

-156.

-1 5a 1" SSTP-..*f..' NI GHT - f U.SRTP--u---- DAY-.-

260

40.

0.4

-6.

-12.

-14.

-140.

-142.

S-144.

-14$

-18 20 22 00 02 04 06 1810 12 14 16 1'8 20

GMT (hr)

Figure B-18. North-Atlantic-Area Submarine Data Versus
GIMT, 18 and 19 February 1978

B- 19



Ak
TR 6775

-148.

-150-

cO -152-

= 154-

-156-- F-ST IH 1ST -- A

80-

~60-

40-

S20-

-J-

cz

l-10

-12.

-138-

-140-

*o

S-142-

-146-
20 22 00 02 04 06 08 10 12 14 16 18 20

GMT (hr)

Figure B-19. North-Atlantic-Area Submarine Data Versus
GIMT, 19 and 20 February 1978

B-20



TR 6775

-148-

-150-

co -152-

Z-154-

100. [-aST i NI GHT -. Su--R P--. au--.-D-AY so..

60- 6

4--

-J
cr 20-

0-

-6

-108-

21

.142-

Z-140-

-146-

20 22 00 02 04 06 08 10 12 14 16 18 20
GMT (hr)

Figure B-20. North-Atlantic-Area Submarine Data Versus
GMT, 20 and 21 February 1978

B-21



TR 6775

-148-

* -- 150-

S-152-

S-154-

-156-

100-

- 80-

* 60

L.j 40-

LU 20-

0-

-4- [--SSTP -mu"----N IGHT-. a .- SRTP w~.~--- DAY

-6

-102-

-124-

-* 140-

-1421

20 22 00 02 04 06 08 10 12 14 16 18 20
GMT (hr)

4 Figure B-21. North-Atlantic-Area Submarine Data Versus
GMT!, 21 and 22 February 1978

* B-22



TR 6775

-148-

-150-

~ 152-

-154-

-156-

100-

- 80-

S60-

Ui 40-

La 20-

0-

-6- I-O-SSTP NIGHT a SRTPNI-BAY

S-8-

S-108-

-120-

-140-

S-142

- 4

20 22 00 02 04 06 08 10 12 14 16 18 20
GM4T (hr)

Figure B-22. North-Atlantic-Area Submarine Data Versus
GMT, 22 and 23 February 1978

B- 23



TR 6775

-148-

-150.

cO -152-

-154-

-156-

S80-

w 60-

-

-J-

Uj 20-

0.

5~u STP NI GHT .f- SRTP- j--- DAY

-6

I-.2

-140

-142

-140-

14 -

-142.

20 22 00 02 04 06 U8 10 12 14 16 18 20
GMT (hr)

Figure B-23. North-Atlantic-Area Submarine Data Versus
GMT, 23 and 24 February 1978

B-24



a6

TR 6775

-148-

-150

_-154-

-156SU
,..SSTP-UNIGHT----- N

S60 STRT
LU TI ME

40J

-1

2-1

13

-a
4U

*c 14

4 -14 -

-16 I I I t I I I

202-012039-0 0 2 1 1 8 2

-1T4(hr

I~~~~~~~~~~~~ Fiue14.Not-tatc-raSbain aaVru

Figure ~ ~ ~ ~ ~ ~ ~ ~ Rves BlankthAlnicAe ubaieDaaVru
GIT 4ad2 eray17



TR 6775

INITIAL DISTRIBUTION LIST

Addressee No. of Copies

DARPA 3
DTIC 15
ONR (Code 425GG (J. Heacock), 42810 (R. G. Joiner)) 2
ONR Branch Office, Chicago, (Dr. Forrest L. Dowling) 1
ASN (T. P. Quinn (for C3), J. Hull (Rm SE 779) 2
NRL (Library, Dr. J. R. Davis (Code 7550), Dr. Frank Kelly) 3
NOSC (Library, R. Pappart, D. Morfitt, J. Ferguson, J. Bickel,

F. Snyder, C. Ramstedt, P. Hansen, K. Grauer, W. Hart) 10
NAVELECSYSCOM (PME 110-11 (Dr. G. Brunhart), PME 11O-XI (Dr. Bodo

Kruger), PME 110) 3
NAVAL SURFACE WEAPONS CENTER, WHITE OAK LAB. (J. Holmes, P. Wessel,

K. Bishop, R. Brown, J. Cunningham, B. DeSavage, Library) 7
DWTNSRDC ANNA (W. Andahazy, F. E. Baker, P. Field, D. Everstine,

B. Hood, D. Nixon) 6
NAVPGSCOL, MONTEREY (0. Heinz, P. Moose, A. Ochadl, K. Thomas,

W. Tolles, Library) 6
NCSC (K. R. Allen, R. H. Clark, M. J. Wynn, M. Cooper, Library) 5
DIRECTOR, DEFENSE NUCLEAR AGENCY, RAAE, DDST, RAEV 3
R&D Associates, P.O. Box 9695, Marina del Rey, CA 90291

(C. Greifinger, P. Greifinger) 2
Pacific-Sierra Research Corp., 1456 Cloverfield Boulevard,

Santa Monica, CA 90404 (E. C. Field) 1
Johns Hopkins University, Applied Physics Laboratory, Laurel, MD

20810 (L. Hart, J. Giannini, H. Ko, I Sugai) 4
University of California, Scripps Institute of Oceanography

(C. S. Cox (Code A-030), H. G. Booker, J. Filloux, P. Young) S
Lockheed Palo Alto Research Laboratory (W. Imhof, J. B. Reagan,

E. E. Gaines, R. C. Gunton, R. E. Meyerott) 5
University of Texas, Geomagnetics and Electrical Geoscience

Laboratory (F. X. Bostick, Jr.) 1
COMMANDER, AIR FORCE GEOPHYSICS LABORATORY (J. Aarons) 1
COMMANDER, ROME AIR DEVELOPMENT CENTER (J. P. Turtle,

J. E. Rasmussen, W. I. Klemetti, P. A. Kossey, E. F. Altschuler) 5
Applied Science Associates, Inc., (Dr. Gary S. Brown)

105 E. Chatham St., Apex, NC 27502 1
Computer Sciences Corp., Falls Church, VA 22046 (D. Blumberg,

Senator R. Mellenberg, R. Heppe, F. L. Eisenbarth) 4
MIT Lincoln Labs. (M. L. Burrows, D. P. White, D. K. Willim,

S. L. Bernstein, I. Richer) 5
Electromagnetic Sciences Lab. SRI International, Menlo Park, CA

94025 (Dr. David M. Bubenik) 1
Communications Research Centre (Dr. John S. Beirose) P.O. Box 11490,

Station "H" Shirley Bay, Ottawa, Ontario, Canada K2H8S2 I
West Virginia University, Electrical Eng. Dept. (Prof. C. A.

Balanis) I
Dr. Joseph P. deBettencourt, 18 Sterling St., West Newton, MA 02165 1
Dr. Marty Abromavage, IITRE, Div. E., 10W 35th St., Chicago, IL

b0616 1
Mr. Larry Ball, U.S. Dept. of Energy NURE Project Office, P.O.

Box 2 67, Grand Junction, CO 81502 1



TR 6775

INITIAL DISTRIBUTION LIST (Cont'd)

Addressee No. of Copies

STATE DEPARTMENT ACDA MA-AT, Rm. 5499, Washington, DC 20451
(ADM T. Davies, R. Booth, N. Carrera) 3

GTE Sylvania, (R. Row, D. Boots, D. Esten) 189 B. St.
Needham, MA 02194 3

HARVARD UNIVERSITY, Gordon McKay Lab. (Prof. R. W. P. King,
Prof. T. T. Wu) 2

University of Rhode Island, Dept. of Electrical Engineering
(Prof. C. Polk) 1

University of Nebraska, Electrical Engineering Dept., (Prof.
E. Bahar) 1

University of Toronto, EE Dept. (Prof. Keith Balmain) 1
NOAA/ERL (Dr. Donald E. Barrick) 1

University of Colorado, EE Dept. (Prof. Petr Beckmann) 1
Geophysical Observatory, Physics & Eng. Lab. DSIR Christchurch,

New Zealand (Dr. Richard Barr) I

General Electric Co., (C. Zierdt, A. Steinmayer) 3198 Chestnut
St., Philadelphia, PA 19101 2

University of Arizona, Elec. Eng. Dept., Bldg. 20 (Prof. J. W.
Wait) Tuscon, AZ 5721 1

U.S. NAVAL ACADEMY, Dept. of Applied Science (Dr. Frank L. Chi) 1
Stanford University, Radioscience Laboratory (Dr. Anthony

Fraser-Smith), Durand Bldg., Rm. 205 1
Stanford University, Stanford Electronics Laboratory (Prof.

Bob Helliwell) 1
Colorado School of Mines, Department of Geophysics (Prof.

A. Kaufman) I
Prof. George V. Keller, Chairman, Group Seven, Inc., Irongate II,

Executive Plaza, 777 So. Wadsworth Blvd., Lakewood, CO 80226 1
NOAA, Pacific Marine Environ. Lab. (Dr. Jim Larsen) 1
MIT, Dept. of Earth/Planetary Sciences, Bldg. 54-314 (Prof.

* Gene Simmons) 1
Colorado School of Mines (Dr. C. Stoyer) 1
University of Victoria, (Prof. J. Weaver) Victoria, B.C.

V8W 2Y2 Canada 1
Mr. Donald Clark, c/o Naval Security Group Command, 3801 Nebraska

Ave., NW, Washington, DC 20390 1
Prof. R. L. Dube, 13 Fairview Rd., Wilbraham, MA 01095 1

U.S. Geological Survey, Rm. 1244 (Dr. Frank C. Frischknecht)
Denver, CO 80225 1

Mr. Larry Ginsberg, Mitre Corp., 1820 Dolly Madison Bldg.
McLean, VA 22102 1

Dr. Robert Morgan, Rt. 1, Box 187, Cedaredge, CO 81413 1
Mr. A. D. Watt, Rt. 1, Box 183 , Cedaredge, CO 81413 1

* Dr. E. L. Maxwell, Atmospheric Sciences Dept., Colorado State
University, Fort Collins, CO 1

Mr. Al Morrison, Purvis Systems, 3530 Camino Del Rio North,
Suite 200, San Diego, CA 92108 1

6



TR 6775

INITIAL DISTRIBUTION LIST (Cont'd)

Addressee' No. of Copies

NDRE, Division for Electronics (Dr. Trygve Larsen)
P.O. Box 25, Kjeller, Norway 1

Belden Corp., Technical Research Center (Mr. Douglas O'Brien)

Geneva, Illinois 1
University of Pennsylvania (Dr. Ralph Showers) Moore School of

Elec. Eng., Philadelphia, PA 19174 1
University of Houston, Director, Dept of Elec. Eng. (Prof. Liang

C. Shen) 1
The University of Connecticut, Physics Dept., (Prof. 0. R.

Gilliam), Storrs, CT 06268 1
Dr. David J. Thomson, Defence Research Establishment Pacific,

F.M.O., Victoria, B.C., Canada 1
Dr. Robert Hansen, Box 215, Tarzana, CA 91356 1
The University of Kansas, Remote Sensing Laboratory (Prof.

R. K. Moore) Center for Research, Inc., Lawrence, Kansas 1
University of Wisconsin, Dept. of Elec. Eng. (Prof. R. J. King) 1
OT/ITS U.S. Dept. of Commerce (Dr. David A. Hill), Boulder, CO 1
Office of Telecommunications, Inst. for Telecommunications

Services (Dr. Douglas D. Crombie, Director), Boulder, CO 1
University of Colorado, Dept. of Electrical Eng. (Prof. David

C. Chang) 1
Dr. K. P. Spies, ITS/NTIA, U.S. Dept. of Commerce 1
The University of Connecticut, Dept. of Electrical Eng. &

Computer Sci., Storrs, CT (Prof. Clarence Schultz,
Prof. Mahmond A. Melehy) 2

Dr. Richard G. Geyer, 670 S. Estes St., Lakewood, CO 1
University of California, Lawrence Livermore Lab.,

(R. J. Lytle, E. K. Miller) 2
Kings College, Radiophysics Group (Prof. D. Llanwyn-Jones)

Strand, London WC2R 2LS, England 1
Istituto di Elettrotechnica, Facotta di Ingegneria (Prof.

Giorgio Tacconi) Viale Cambiaso 6, 16145 Genova, Italy 1
Universite des Sciences de Lille (Prof. R. Gabillard)

B.P. 36-59650 Villeneuve D'Ascq, Lille, France 1
Arthur D. Litte, Inc., (Dr. A. G. Emslie, Dr. R. L. Lagace, R&D

Div., Acorn Park, Cambridge, MA 02140 1
University of Colorado, Dept. of Electrical Eng. (Prof. S. W.

Maley) 1
University of Washington, EE Dept. (Prof. A. Ishimaru) Seattle 1
Dr. Svante Westerland, Kiruna Geofysiska Institute

S981 01 Kiruna 1, Sweden I
Dr. Harry C. Koons, The aerospace Corp., P 0. Box 92957,

Los Angeles, CA 90009 1
Dr. Albert Essmann, Hoogewinkel 46, 23 Kiel i, West Germany 1
Glenn S. Smith, School of Elec. Eng. Georgia Tech. Atlanta, GA 1
Dr. T. Lee, CIRES, Campus Box 449, University of Colorado 1
Dr. Jack Williams, RCA Camden, Mail Stop 1-2, Camden, NJ 08102 1
Dr. Joseph Czika, Science Applications, Inc., 340 Westpark Dr.

McLean, VA 22101 1
Mr. Arnie Farstad, 390 So. 69th St., Boulder, CO 30303 1



TR 6775

INITIAL DISTRIBUTION LIST (Cont'd)

Addressee No. of Copies

NATO SACLANT ASW CENTER (Library) I

USGS, Branch of Electromagnetism and Geomagnetism
(Dr. James Towle) Denver, CO 1

NOAA, Pacific Maine Environ. Lab. (Dr. Jim Larsen) I
University of Texas at Dallas, Geosciences Division,

(Dr. Mark Landisman) 1
University of Wisconsin, Lewis G. Weeks Hall, Dept. of

Geology and Geophysics (Dr. C. S. Clay) 1
DCA/CCTC, Def Communication Agency, Code C672

(Dr. Frank Moore) 1
Argonne National Laboratory, Bldg. 12 (Dr. Tony Vallentino) 1
IITRE, Div. E, Chicago (Dr. Marty Abromavage) 1
The University of Manitcba, Zlec. Eng. Dept. (Prof. A. Mohsen) 1
Mr. Jerry Pucillo, Analytical Systems, Engineering Corp.,

Newport, RI 02840 1
Dr. Misac N. Nabighian, Newmont Exploration Ltd., Tuscon I
Dr. Fred Raab, Pohemus, P.O. Box 298, Essex Junction, VT 05452 1
Dr. Louis H. Rorden, President, Develco, Inc., 404 Tasman Dr.

Sunnyvale, CA 94086 1

Dr. Eivind Trane, NDRE, P.O. Box 25, 2007 Kjeller, Norway 1
RCA David Sarnoff Research Center (K. Powers, J. Zennel,

L. Stetz, H. Staras) 4
University of Illinois, Aeronomy L-boratory (Prof. C. F. Sechrist) 1
Dr. Cullen M. Crain, Rand Corp., Santa Monica I
Radioastronomisches Institute der Universitat Bonn

(Dr. H. Volland), 5300 Bonn-Endenich, Auf dem Hiigel 71
West Germany 1

Dr. John P. Wikswo, Jr., P.O. Box 120062 Acklen Station,
Nashville 1

Mr. Lars Brock-Nannestad, DDRB Osterbrogades Kaserne,
2100 Copenhagen 0, Denmark 1

Institut de Physique du Globe (Dr. Edonard Selzer) 11 Quai St.,
Bernard, Tour 24 Paris Ve, France 1

Elektrophysikalisches Institut (Dr. Herbert K6nig) Technische
Hochschule, Arcisstrasse 21, 8 Munich 2, West Germany 1

Raytheon Company (Dr. Mario Grossi) Portsmouth, RI 1
NISC, Code 00W (Mr. M. A. Koont:) Washington, DC 1
Polytechnic Institute of Brooklyn (Prof. Leo Felsen) 1
NOAA/ERL (Dr. Earl E. Gossard) R45X7, Boulder, CO 80302 1
Dr. George H. Hagn, SRI-Washington, Rosslyn Plaza, Arlington 1
NOAA/ERL (Dr. C. Gordon Little) R45 I
Goddard Space Flight Ctr. (Dr. S. H. Durrani) Code 950 1
ITS, Office of Telecom (Dr. Ken Steele) Boulder, CO 80302 1
NTIA/ITS, U.S. Dept. of Commerce (Dr. A. D. Spaulding) 1
Stanford University, Elec. Eng. Dept. (Dr. 0. G. Villard, Jr.) I
Dr. D. Middleton, 127 East 91st St., New York, NY 10028 1
University of California, Elec. Eng. & Computer Sci. Dept.,

(Prof. K. K. Mei) 1

S



TR 6775

INITIAL DISTRIBUTION LIST (Cont'd)

Addressee No. of Copies

California Inst. of Technology, Jet Propulsion Lab.,
(Dr. Yahya Rahmat-Samii) 1

Raytheon Service Co. (Dr. M. Soyka) Mt. Laurel, NJ 08054 1
MITRE M/S W761 (Dr. W. Foster) McLean, VA 1
Max-Planck-Institut fur Aeromomie (Prof. P. Stubbe)

3411 Katlenburg-Lindau 3 FRG 1
University of Otago, Physics Dept. (Prof. R. L. Dowden)

Dunedin, New Zealand 1
University of Leicester, Physics Dept. (Prof. T. B. Jones)

Leicester, England 1
Naval Weapons Center, China Lake, Code 3814 (Dr. R. J. Dinger) 1
Dr. Claudia D. Tesche, Lutech, Inc., P.O. Box 1263, Berkeley 1
National Aeronautical Est., National Research Council, Flight

Research Lab., (Dr. C. D. Harwick) Ottawa, KlAOR6, Canada 1
Colorado Research and Prediction Laboratory, Inc.

(Dr. R. H. Doherty, Dr. J. R. Johler) Boulder, CO 2
University of Alberta, Physics Dept. (Prof. R. P. Singh)

Edmonton, Alberta, Canada 1
ARF Products Inc. (Mr. Larry Stolarczyk), Raton, NM 1
NAVSEA, Code 63R 1



I


