
AD A137 385 CONNECTICUT ELF (EXTREMELY LOW FREQUENCY) FIELD /,
STRENGTH MEASUREMENTS MAR..(U) NAVAL UNDERWATER SYSTEMS
CENTER NEW LONDON CT NEW LONDON LAB.. P R BANNISTER

N ASSIFIED 11 JAN 84 NUSC TR A79 F/G 20/14 NLEIIIIEEIIEEI
IIEIIEIIIEEEEE
EIIIIIIIIIIIIu
EIIIIIEIIIIIEE
IIIIINOEIINONEFIIIIo
IIIIIII ommo



1.0 ma 11

11.25 1. .

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF SIANDARDS-1963-A



11 im"I 1964

00 Connecticut ELF Field
SStrength Measurements,

~March to May 1978
Peter R. Bannister
Submarine EletromagnetIc
System Department

MCTC

~j 4 3 j M94j

c~A

Naval Underwater Systems Center
SNewport Rhode Island / New London, Connecticut

Appresd for pubs robi;Aelsbuiofnftkhd.

841O 31 028



This report was prpared under NUSC Project No. AS9(7, "ELF Propagtion
RDT E" (U), Principal Investiptor, P. R. Banister (Code 3411), Navy Program
Element No. I140IN and Project No. X0792-SB, Naval Electronic Systems
Command, Communications Systems Project Office, D. Dyson (Code PME-1 10),
Program Manager ELF Communication Dr. B. Kruger (Code PME- 110-XI).

The Technical Reviewer for this report was Raymond F. Ingram.

Reviewed ad Appmved: 11 January 1984

1.F. Dome
Head, Saina F mam

Syslemes Deliartsat

The author of this rep is located at the
New London Laboratory, Naval Uniderwater Systems Center,

New London, Connecticut 06330.

__ __ __ _ __ __ _



REPORT DOCUMENTATION PAGE ADISRCON

RgP~nt 14umean 2. 440VT ACCLSSI@N mo*. L 1111111IOVS CAIA".O NuMSC9R

TR 70791ALA 39 k
4. ?lLZ me" Suftottle S. Type OF aLPonr & 101CRIO COVLRLO16

CONNECTICUT ELF FIELD STRENGTH MEASUREMENTS,
MARCH TO MAY 1978

0. *ERogniSNOAi O1111. IMPORT KuMscf

7. A&U1WQXfaj 8. CONTRACT OR 011AN? 14UM.LR(.)

Peter R. Bannister

11. 091R11ORMSNG COC8A"' AToo %AgA Adoo AOO*LUS 10. PROGRAM ELSULNI4r Wopoo(C?, TASK
Naval Underwater Systems Center ARZA 6 WORK UNIT NUMOCAS

New London Laboratory A59007
New London, Connecticut 06320

I 1. Conriiit.6ina OF~ICZ NAMC ANO ACOCSS IL. RCWOR? OATR

11 January 1984
'3. 1 1161111111 OF 1114cts

'4. mmoNITOR1ING AG~I4CV NA64 4 AOONUESfII11DJIMOV0 II C&UIsIr~ing OIF116) 5. SIECURITY CLASL (ad Afle repeat)

UNCLASSIFIED

r5.. OEZC&ASS1IFICAr1ONV OOWNGRAOINO

I 30 LOU E

16. OISTRIGUTION STArtemy T ritAl Repot)

Approved for public release; distribution unlimited.

17. CISTRIOUTION STATVMETh (oVfi %* m 468OPM 4091N11544,11ec 20. It difIIrdl (111M ROPeat)

Is. KEY WOROS (C~note n f e aide of Aee.*00my and Ideve~fr lo us" Ueiml oS)

ELF Propagation Measurements Atypical Polarization Behavior
Connecticut PCA Event
Nighttime Fades

21L "!?*AT (OMIRM an al.W a4d If ft96F OWd Id1MtIl Or I #min)
-_From August 1976 to December 1978, extremely low frequency (ELF) field-

strength measurements were taken continuously in Connecticut. The results of
measurements taken from March through May 1978 are discussed in this report.
During March, 5 dB, or greater, nighttime signal fades occurred during 46 percent
of the measurement days. A comparison of the normal and abnormal Connecticut
horizontal magnetic-field strengths during disturbed propagation conditions re-
vealed atypical behavior. Field-strength measurements were also taken before,
during, and after the 29 April PCA event (9.8 dB riometer absorption). ---

DOC) 1473 coo-no" air I Nov dis is asOaLrt
S/N 0102-014- 441



TR 7079

TABLE OF CONTENTS

Page

LIST OF ILLUSTRATIONS .. .................... ...... i

LIST OF TABLES. .. ................... ......... iv

GLOSSARY OF ABBREVIATIONS. ........... .............. iv

INTRODUCTION .. .......... .......................

CONNECTICUT MARCH 1978 MEASUREMENTS. ....... ...............

CONNECTICUT APRIL 1978 MEASUREMENTS .. ....................

CONNECTICUT MAY 1978 MEASUREMENTS .. .................... 7

CONCLUSIONS .. .................... ...........10

REFERENCES. .. ................... ............ 19

APPENDIX A - CONNECTICUT DAILY DATA, MARCH 1978. .............. A-1

APPENDIX B - CONNECTICUT DAILY DATA, APRIL 1978. .............. B-1

APPENDIX C - CONNECTICUT DAILY DATA, MAY 1978 .. ............. C-1



TR 7079

LIST OF ILLUSTRATIONS

Figure Page

1 Connecticut Field Strength Versus GMT,
9 to 10 and 10 to 11 March 1978 .. .......... .... 11

2 Connecticut Field Strength Versus GMT,
11 to 12 and 12 to 13 March 1978. ........... ... 12

3 Connecticut Field Strength Versus G&MT,
13 to 14 and 14 to 15 March 1978. ........... ... 13

4 Connecticut Field Strength Versus GMT,
15 to 16, 16 to 17, and 17 to 18 March 1978 .. ........ 14

S Comparison of Normal and Abnormal Horizontal
Magnetic-Field Strengths, 17 to 18 March 1978 .. ........1

6 Connecticut Field Strength Versus GMT,
18 to 19 and 29 to 30 April 1978. ........... ... 16

7 Comparison of Normal and Abnormal Horizontal
Magnetic-Field Strengths, 3 to 4 April 1978 .. ........ 17

8 Connecticut Nighttime Field Strengths Versus GMT,
28 April Through 7 May 1978 .. ............ . .. 18

A-i Connecticut Data Versus GMT (0, = 291 deg),
3 March 1978. ....................... A-2

A-2 Connecticut Data Versus GMT (0, = 291 deg),
4 March 1978. ....................... A-3

A-3 Connecticut Data Versus GMT (*, = 291 deg),
5 March 1978. ....................... A-4

A-4 Connecticut Data Versus GMT (*, = 291 deg),
6 March 1978. ....................... A-5

A-S Connecticut Data Versus GMT (*, = 291 deg),
7 March 1978. .................................... A-6

A-6 Connecticut Data Versus GMT (4, = 201 deg),
8 and 9 March 1978. .................... A-7

A-7 Connecticut Data Versus GMT (,=201 deg),
10 and 11 March 1978....................................A-8

A-8 Connecticut Data Versus GMT (,=201 deg),
12 and 13 March 1978....................A-9

A-9 Connecticut Data Versus GMT (0, 201 deg),
.14 and 15 March 1978 ................................ A-10

A-10 Connecticut Data Versus GMT (0, 201 deg),
16 Through 18 March 1978 .. ................ A-11

A-l1 Connecticut Data Versus GMT (,=291 deg),
21 and 22 March 1978....................................A-12

A-12 Connecticut Data Versus GMT (,=291 deg),
23 and 24 March 1978.................... ........ A-13

A-13 Connecticut Data Versus GMT (,=291 deg),
25 and 26 March 1978....................................A-14

A-14 Connecticut Data Versus GMT (,=291 deg),
28 Through 30 March 1978 .. ................ A-15

B-1 Connecticut Data Versus GMT (*, = 291 deg),
1 and 2 April 1978. ......... ........... B-2



TR 7079

LIST OF ILLUSTRATIONS (Cont'd)

Figure Page

B-2 Connecticut Data Versus GMT Ci'=291 deg),
3 and 4 April 1978. .......... .......... B-3

B-3 Connecticut Data Versus GMT (*, = 291 deg),
S and 6 April 1978. ........... ......... B-4

B-4 Connecticut Data Versus GMT (0i = 291 deg),
7 and 8 April 1978. ........... ......... B-5

B-S Connecticut Data Versus GMT (ii = 291 deg),
9 and 10 April 1978 .. .......... ......... B-6

B-6 Connecticut Data Versus GMT (*, = 291 deg),
11 and 12 April 1978. ........... ........ B-7

B-7 Connecticut Data Versus GMT (*i = 291 deg),
13 and 14 Apri1l 1978. ........... ........ B-8

B-8 Connecticut Data Versus GMT (*i = 291 deg),
15 and 19 April 1978. ........... ........ B-9

B-9 Connecticut Data Versus GMT (ii = 291 deg),
20 and 21 April 1978 .. .................. B10

B-10 Connecticut Data Versus GMT ( , = 291 deg),
22 and 23 April 1978 .. .................. B-11

B-11 Connecticut Data Versus GMT (* = 291 deg),
24 and 25 April 1978 .. .................. B12

B-12 Conn~ecticut Data Versus GMT (0 = 291 deg),
26 and 27 April 1978 .. .................. B-13

B-13 Connecticut Data Versus GMT (*i = 291 deg),
28 Through 30 April 1978..................B-14

C-I Connecticut Data Versus GMT (* = 291 deg),
1 Through 3 May 1978. ........... ........ C-2

C-2 Connecticut Data Versus GMT (ii' - 291 deg),
4 Through 6 May 1978. ........... ........ C-3

C-3 Connecticut Data Versus GMT (0, = 291 deg),
7 Through 9 May 1978. ........... ........ C-4

C-4 Connecticut Data Versus GMT ( = 291 deg),
10 and 11 May 1978. ........... ......... C-S

C-S Connecticut Data Versus GMT (*, = 291 deg),
12 and 13 May 1978. ........... ......... C-6

C-6 Connecticut Data Versus GMT (0 = 291 deg),
16 and 17 May 1978. ........... ......... C-7

C-7 Connecticut Data Versus GMT (i, 291 deg),
18 and 20 May 1978. ............ ....... C-8

C-8 Connecticut Data Versus GMT (*i - 291 deg),
21 and 22 May 1978. .......... .......... C-9

C-9 Connecticut Data Versus GMT (0 - 291 deg),
23 and 24 May 1978. .......... .......... C10

C-10 Connecticut Data Versus GMT (* a 291 deg),
26 and 27 May 1978 .. ................... C-li

C-il Connecticut Data Versus GMT (*p a 291 deg),
28 and 29 May 1978. .......... .......... C12

C-12 Connecticut Data Versus GMT (0p a 291 deg),
30 and 31 May 1978 .. ................... C-13

iii



TR 7079

LIST OF TABLES

Table Page

I March 1978 Connecticut Daily Field-Strength Averages ... ...... 3

2 April 1978 Connecticut Daily Field-Strength
Averages (* = 291 deg) ......... ................... 6

3 May 1978 Connecticut Daily Field-Strength
Averages ( = 291 deg) ......... ................... 9

GLOSSARY OF ABBREVIATIONS

ELF Extremely low frequency

EN East-west

GMT Greenwich Mean Time

LF Low frequency

MEV Million electron volts

NS North-south

NUSC Naval Underwater Systems Center

,PCA Polar cap absorption

SNR Signal-to-noise ratio

SRTP Sunrise transition period

SSTP Sunset transition period

STIU Signal timing and interface unit

VLF Very low frequency

WTF Wisconsin Test Facility

iv



TR 7079

CONNECTICUT ELF FIELD-STRENGTH MEASUREMENTS,
MARCH TO MAY, 1978

INTRODUCTION

Since June 1970, sporadically we have made farfield extremely low fre-
quency (ELF) horizontal magnetic field-strength measurements in Connecticut. 1- 13

The local measurement site from June 1970 to October 1971 was in the Nehantic
State Forest, East Lyme, CT. From October 1971 through November 1975, it was
located in Hammonassett State Park, Madison, CT. Since July 1976, the AN/BRS-1
ELF receiver has been located at the Naval Underwater Systems Center (NUSC),
at New London, CT. The loop receiving antenna is now located at Fishers
Island, NY, (about 10 km from New London). The receiver and receiving antenna
are connected by means of a microwave link from Fishers Island to New London.

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 transmission source for these 1.6-Mm range measurements is the U. S.
Navy's ELF Wisconsin Test Facility (WTF), located in the Chequamegon National
Forest in north-central Wisconsin, about 8 km south of the village of Clam
Lake. The WTF consists of two 22.5-km antennas; one antenna is located approx-
imately in the north-south (NS) direction 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. The WTF array can
be steered electrically toward any particular location and its radiated power
is approximately I W.

In this report, we will discuss the results of the March through May,
1978, Connecticut measurements, which were taken to investigate further the
diurnal and seasonal ELF propagation variations.

CONNECTICUT MARCH 1978 MEASUREMENTS

During this time period, data were obtained on 25 days at the Connecticut
site. The daily plots of signal strength (both amplitude and relative phase),
effective noise,* and signal-to-noise ratio (SNR) versus Greenwich Mean Time
(GMT) (in 30-min increments) are presented in appendix A. The data are broken
up into four time periods, which should be representative of nighttime, sun-
rise transition period (SRTP), daytime, and sunset transition period (SSTP)
propagation conditions. From 8 to 18 March, the WTF antenna phasing angle, ',

*The effective-noise spectrum level (in dBH = dBA/m.44T H:) is defined as

the spectrum level of ELF noise at the signal frequency divided by the improve-
ment (in SNR) using nonlinear processing. 4
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was 201 deg. During the rest of the month, was 291 deg. The transmitting
frequency was 76 ±4 Hz. As was mentioned in previous reports,4'7 the Connect-
icut effective-noise measurements are sometimes contaminated by industrial
noise at the Fishers Island receiving site. Thus, the effective-noise values
presented here are on the high side.

Presented in table 1 are the March 1978 Connecticut daily field-strength
averages. For a WTF antenna phasing angle of 291 deg, the average Connecticut
field strength should equal -143.3 dBA/m during the day, -144.4 dBA/m during
the SRTP and SSTP, and -145.5 dBA/m at night.7 For 0 = 201 deg, the values
should be I dB lower. Referring to table I and to the figures in appendix A,
we see that, with the exception of the minimum nighttime field-strength period,
the average field-strength levels are about as expected.

Amplitude peak-to-trough variations of S dB, or greater, occurred during
11 of the 24 measurement days (6, 11 through 18, 24, and 26 March). The larg-
est variation (6.5 dB) occurred on 13 March. These variations are illustrated
in figures 1 through 4* and in appendix A.

As was mentioned in a previous report,13 for the 1-yr period of August
1976 to July 1977, S dB, or greater, signal-strength fades occurred during 2b
percent of the measurement days that included a nighttime measurement period.
The most frequent nighttime fading occurred during March (48 percent) and Sep-
tember (45 percent). Referring to table 1 and appendix A, we see that 5 dB,
or greater, signal-strength fades occurred during 46 percent of the measure-
ment days, which is almost identical to the 48 percent that occurred during
March 1977. In particular, these March 1978 nighttime field-strength fades
occurred during 8 straight days (11 through 18 March).

Referring to figure 1, we see that on 9 to 10 March the field strength
was essentially constant during the SSTP and the 0130-0600 nighttime measure-
ment period. The field strength decreased -2 dB by 0900 and, then, increased
-3 dB by the end of the SRTP. Meanwhile, the relative phase steadily increased
-lS deg from 0130 to 0830 and, then, steadily decreased -40 deg by 12100.

During 11 March, the signal strength steadily decreased -4.5 dB during the
nighttime period of 0200 to 0930 and, then, steadily increased -4 dB during the
SRTP. Meanwhile, the nighttime relative phase increased -20 deg from 0200 to
0830. The relative phase then decreased (by -35 deg) to its normal daytime
level by 1130.

The 11 to 12 and 12 to 13 March field strengths are plotted versus GMT in
figure 2. Here, we see that, on 12 March, the nighttime field strength was
essentially constant until 0430, then rapidly decreased -4 dB by 0630. The
field strength then steadily increased -S dB from 0500 to 12130. During 13
March, the nighttime field strength steadily decreased -S dB from 0330 to
0730, then steadily increased -6 dB by the middle of the SRTP (1100). During
both of these nights, the nighttime relative phase increased 10 to 20 deg from
0130 to 0600, then rapidly decreased 10 to 20 deg by 0730.

*All figures have been placed together at the end of this report or in
the applicable appendix.

2
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Table 1. March 1978 Connecticut Daily Field-Strength Averages

D SSTP H Night H SUP H Day H Relative Peak/
Date 0 /ST I g * TPH Dy Phase Trough(deg) (dBA/m) (dBA/m) (dBA/mj (dBA/M) (deg) L5 dB

3/3 291 -144.0 -145.8 -144.2 -143.2 15.6 No

3/4 291 -143.8 -145.3 -144.9 -143.6 16.5 No

3/5 291 -144.6 -145.6 -144.8 -143.6 23.1 No

3/6 291 -144.9 -146.2 -145.2 -143.1 20.0 Yes

3/7 291 -144.4 -145.7 -144.7 -143.3 21.2 No

3/8 201 -145.9 -146.4 -145.5 -144.3 29.2 No

3/9 201 -14S.4 -146.4 -146.1 -144.7 23.0 No

3/10 201 -145.9 -146.4 -145.5 -144.5 28.5 No

3/11 201 -145.8 -147.0 -146.8 -144.7 25.7 Yes

3/12 201 -145.9 -147.0 -145.5 -144.6 24.0 Yes

3/13 201 -145.6 -147.6 -145.3 -144.3 29.3 Yes

3/14 201 -145.6 -147.3 -145.2 -144.3 27.0 Yes

3/15 201 -145.5 -147.2 -145.2 -144.3 29.0 Yes

3/16 201 -145.8 -147.0 -145.0 -144.7 25.1 Yes

3/17 201 -145.2 -146.9 -144.8 -144.4 20.6 Yes

3/18 201 -144.9 -146.2 -144.4 - 28.6 Yes

3/21 291 -143.9 -145.6 -144.4 -143.3 24.9 No

3/22 291 -143.9 -145.7 -143.9 -143.3 26.9 No

3/23 291 -144.2 -145.5 -144.4 -143.1 27.6 No

3/24 291 -143.9 -145.9 -143.9 -143.5 27.2 Yes

3/25 291 -144.1 -145.4 -144.2 -143.3 26.6 No

3/26 291 -144.3 -145.8 -143.9 -143.1 24.0 Yes

3/28-3/29 291 -143.7 -145.1 -143.5 -143.3 20.4 No

3/30 291 -144.1 -145.6 -143.5 -143.2 21.0 No

3/3-3/7 Avg. 291 -144.3 -145.7 -144.7 -143.3 19.3 1/5

3/8-3/18 Avg. 201 -145.6 -146.8 -145.4 -144.5 26.4 8/11

3/21-3/30 Avg. 291 -144.0 -145.5 -144.0 -143.3 24.8 2/8

Monthly Avg. Norm. -144.3 -145.7 -144.4 -143.4 24.4 11/24
to 291 (45.8%)

3
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Referring to figure 3, we see that the 14 and 15 March nighttime field
strengths decreased 3 to 4 dB, leveled off, then increased 3 to 4 dB by the
end of the nighttime measurement period. Meanwhile, during both nights, the
relative phase increased 1S to 20 deg by 0600, then decreased 15 to 20 deg by
the end of the nighttime measurement period.

Presented in figure 4 are the 15 to 16, 16 to 17, and 17 to 18 March
field strengths versus GMT During 16 March, the field strength steadily
decreased -4 dB from 0200 to 0700, then steadily increased -4 dB by the middle
of the SRTP (1100). Meanwhile, the relative phase was essentially constant
during the nighttime measurement period.

During 17 March, the field strength rapidly decreased -5 dB from 0300 to
0530, then steadily increased -S dB from 0530 to 1130. The nighttime relative
phase increased -15 deg from 0200 to 0500, decreased -15 deg by 0700, then
increased -10 deg by 0930.

Referring to figure 4, we see that the 18 March nighttime field strength
was essentially constant until 0400. The nighttime field strength then rap-
idly decreased -4 dB by 0600, and steadily increased -4 dB by the end of the
nighttime measurement period (1000). Meanwhile, the nighttime relative phase
steadily increased -15 deg from 0200 to 0500, rapidly decreased -20 deg by
0700, then steadily increased -10 deg by 1000. The relative phase then
decreased to its normal daytime level by 1230.

On several occasions, we have also measured the vertical electric-field
strength (Ev) produced by the WTF. The Connecticut vertical electric-field
strength behavior is usually very similar to the horizontal magnetic-field
strength (H ) behavior (in amplitude and relative phase) during both normal
and disturbed propagation conditions. For further details, see figure 3 of
reference 13.

On a few occasions, we have also measured the abnormal horizontal magnetic-
field strength (H.) produced by the WTF. Usually, accurate measurements of
the H0 component can be made in Connecticut only during the late fall, winter,
and early spring months, when the effective atmospheric noise is <-140 dBH.
This is because the H P component is 6 to 10 dB less in magnitude than the H
component, and the effective noise in the.H0 direction is 1 to 3 dB greater
than the effective noise in the H 0 direction.

During normal propagation conditions, the Connecticut abnormal horizontal
magnetic-field strength (Hp) behavior is usually similar to the normal hori-

* zontal magnetic-field strength (HO) behavior. Presented in figure 5 is a con-
parison of the normal and abnormal Connecticut horizontal magnetic-field

* strengths during disturbed propagation conditions (17 to. 18 March). Here, we
see that, during the daytime and SRTP periods, the HP and H 0 behavior was
nearly the same. However, during the SSTP and nighttime propagation periods,
their behavior was quite different.

During 18 March, the SSTP and nighttime HO field strength was essentially
constant until 0400, The nighttime field strength then rapidly decreased -4 dB
by 0600, then steadily increased -4 dB by the end of the nighttime measurement

4
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period (1000). Meanwhile, the Ho~ nighttime relative phase steadily increased
-15 deg from 0200 to 0500, rapidly decreased -20 deg by 0700, then steadily
increased -10 deg by 1000. The relative phase then decreased to its normal
daytime level by 1230.

On the other hand (figure 5), the HPfield strength steadily decreased
-4 dB from the start of the SSTP to 0130, then increased -3 dB by 0530. It
then decreased -3 dB by 0800 and rapidly increased -2 dB by the end of the
nighttime measurement period (1000). Meanwhile, the H. relative phase
increased -30 deg during the SSTP, decreased -30 deg from 0100 to 0300,
increased -20 deg by 0600, and remained essentially constant during the rest
of the nighttime measurement period.

CONNECTICUT APRIL 1978 MEASUREMENTS

During this time period, data were obtained on 27 days at the Connecticut
site. The daily plots of signal strength (both amplitude and relative phase)
versus GNIT (in 30-mmn increments) are presented in appendix B. During April,
the WTF antenna phasing angle was 291 deg and the transmitting frequency was
76 ±4 Hz.

Presented in table 2 are the April 1978 daily field-strength averages.
For a WTF antenna phasing angle of 291 deg, the average Connecticut field
strength should equal -143.3 dBA/m during the day, -144.4 dBA/m during the
SRTP and SSTP, and -14S.5 dBA/m at night.7 Referring to table 2 and to the
figures in appendix B, we see that, with the exception of the nighttime mini-
mum field-strength period, the average field-strength levels are about as
expected.

Amplitude peak-to-trough variations of S dB, or greater, occurred during
b of the 27 days that included a nighttime measurement period (2, 4, 9, 19,
29, and 30 April). The largest variations (6 to 7 dB) occurred on 4, 19, and
30 April. These variations are illustrated in figures 6 and 7 and in appen-
dix B.

Referring to figure 6, we see that both the 19 and 30 April nighttime
field strengths rapidly decreased -5 dB from 0400 to 0630. The field strengths
then rapidly increased 6 to 7 dB from 0630 to 1100 and leveled off at the
beginning of the daytime measurement period (1130). Meanwhile, during both
nights, the relative phase increased -20 deg from 0200 to 0500, decreased -20
deg by 0700, increased -10 deg by 0830, and returned to the normal daytime
value at the end of the SRTP (1130).

Figure 7 is a comparison of the normal and abnormal Connecticut horizontal
magnetic-field strengths measured during the disturbed propagation period of
3 to 4 April. Here, we see that, during the SSTP and SRTP, the H. and H4
behavior was nearly the same. However, during the nighttime propagation per-
iod, their behavior was quite different.

During 3 to 4 April, the H 0-field strength steadily decreased -6 dB from
2200 to 0500, rapidly increased -4.S dB from 0500 to 0700, and gradually

5
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Table 2. April 1978 Connecticut Daily Field-Strength
Averages (I = 291 deg)

Relative Peak/Trough

Date SSTP HO Night He SRTP HO Day Ht Phase P / dB
(dBA/m) (dBA/m) (dBA/m) (dBA/m) (deg) --

4/1 -144.4 -145.8 -144.6 -143.3 22.1 No

4/2 -144.5 -146.3 -145.0 -143.4 17.5 Yes

4/3 -144.5 -145.9 -144.7 -143.6 22.3 No

4/4 -144.6 -146.3 -144.3 -143.2 22.0 Yes

4/5 -144.6 -145.3 -143.9 -143.2 21.4 No

4/6 -144.1 -145.3 -145.0 -143.1 22.3 No

4/7 -144.0 -145.2 -144.9 -143.0 18.1 No

4/8 -144.5 -145.6 -145.4 -143.3 18.0 No

4/9 -144.3 -145.8 -144.9 -143.6 21.1 Yes

4/10 -144.0 -145.5 -145.6 -144.1 18.2 No

4/11 -144.6 -145.1 -143.9 -143.7 17.3 No

4/12 -144.4 -144.4 -143.2 -143.1 17.7 No

4/13 -144.1 -144.7 -144.9 -143.6 25.1 No

4/14 -144.7 -145.9 -144.8 -143.8 18.2 No

4/15 -144.5 -145.8 -144.5 -143.3 19.3 No

4/19 -144.1 -145.9 -144.5 -143.3 19.5 Yes

4/20 -144.5 -145.8 -143.7 -143.3 23.4 No

4/21 -144.0 -145.4 -144.1 -143.3 23.6 No

4/22 -143.8 -144.9 -144.0 -143.4 23.3 No

4/23 -144.0 -145.5 -144.2 -143.2 13.6 No

4/24 -143.9 -145.9 -144.3 -143.S 17.0 No

4/2S -144.1 -145.1 -143.0 -143.3 20.8 No

4/26 -144.6 -145.2 -143.5 -143.3 20.1 No

4/27 -144.6 -145.9 -144.5 -143.8 22.3 No

4/28 -144.4 -146.1 -144.4 -143.3 - No

4/29 -144.2 -145.9 -144.3 -143.5 16.9 Yes

4/30 -144.2 -146.3 -144.1 -143.8 16.0 Yes

Monthly -144.3 -145.6 -144.4 -143.4 19.9 6/27
Average (22.2%)

6
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increased by -1 dB by the end of the SRTP. Meanwhile, the H nighttime rela-
tive phase was relatively constant until 0500, decreased -15 deg from 0500 to
0630, and gradually increased -10 deg from 0630 to the end of the nighttime
measurement period (0900).

On the other hand (figure 7), the H0 field strength rapidly decreased
-4.S dB from 2200 to 0100, then rapidly increased -4 dB from 0100 to 0330.
The Ho field strength gradually decreased -1 dB from 0330 to 0530, rapidly

decreased -4 dB from 0530 to 0630, and rapidly increased -4 dB from 0630 to
0800. Then, it gradually increased by -1 dB by the end of the SRTP (1130).
Meanwhile, the HP relative phase gradually increased -70 deg from 2200 to 0430

and gradually decreased -60 deg from 0530 to 1200.

Referring to figures I through 7, we see that, during disturbed propaga-
tion conditions, the H4 versus GMT plots are usually either V-shaped (decrease/

increase) or U-shaped (decrease/level-off/increase). On the other hand, the H
versus GMT plots are W-shaped (decrease/increase/decrease/increase). From
figures S and 7, we also see that, when the H component is approaching its
minimum nighttime value, the HP component is near its maximum nighttime value.

Simultaneous measurements 9,1 5 taken in Connecticut and the North-Atlantic
area during the magnetically quiet period of early March 1977 (where similar
nighttime propagation anomalies occurred 2 to 4 hr apart) have indicated that
a possible cause for some of these anomalies is a moving nocturnal sporadic-E
layer.

Barr'b and Pappert and Moler1 7 have made calculations regarding the
influence of a sporadic-E layer that encompasses the nighttime propagation
path. They showed that the presence of nocturnal sporadic E produced marked
maxima and minima in the propagation characteristics of ELF radio waves. One
physical explanation for the enhanced absorption could be in terms of an
attenuation resonance between waves reflected from normal E-region heights and
from the sporadic-E region. They also showed that the polarization of ELF
radio waves is very dependent on the presence of sporadic ionization.

The atypical behavior of the nighttime normal (HO) and abnormal (Ho) hor-

izontal magnetic-field strengths (figures S and 7) could well be an indication
of the presence of a nocturnal sporadic-E layer. However, it should be noted
that actual measurements of sporadic-E conditions have not been made at the
receiving sites when WTF was transmitting. Attempts to explain the observed
ELF signal fades in terms of absorption due to sporadic-E conditions can,
therefore, not be conclusive, but the theoretical efforts in this area point
out the potential influences of sporadic E on ELF propagation.

CONNECTICUT MAY 1978 MEASUREMENTS

During this time period, data were obtained on 27 days at the Connecticut
site. The daily plots of signal strength (both amplitude and relative phase)
versus GMT (in 30-min increments) are presented in appendix C. During May,

the WTF antenna phasing angle was 291 deg and the transmitting frequency was
76 ±4 Hz.

k •
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Presented in table 3 are the May 1978 daily field-strength averages. As
we mentioned previously, for a = 291 deg, the average Connecticut field
strength should equal -143.3 dBA/m during the day, -144.4 dBA/m during the
SRTP and SSTP, and -145.5 dBA/m at night. Referring to table 3 and to the
figures in appendix C, we see that, with the exzeption of (1) 2 through R May
nighttime field strengths and (2) the minimum nighttime field-strength period,
the average field-strength levels are about as expected.

Amplitude peak-to-trough variations of 5 to 5.5 dB occurred during 6 of
the 27 days that included a nighttime measurement period (1, 10, 12, 17, 22,
and 26 May). These variations are illustrated in figures in appendix C.

Turtle et al. 18 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 [onosounder in northern Greenland during 1978. Disturbance effects on
ionospheric reflecting parameters, including reflection heights and coeffi-
cients, were presented along with data from a riometer, a magnetometer, and
satellite particle detectors.

One of the strongest 1978 solar-particle events occurred in late April.
A polar-cap absorption (PCA) (9.8 dB riometer absorption) began at 1030 GMT on
29 April and the time of maximum 13 to 25 million electron volts (MEV) proton
flux was 2000 on 30 April. This event caused a 20 to 25 km drop in the VLF
reflection height at Thule, followed by a gradual return to normal over the
next 5 days. This PCA event was also accompanied by sustained geomagnetic
activity. From 30 April to 4 May, the geomagnetic Ak index for Fredericks-
burg, VA, was 30, 50, 55, 33, and 50, respectively.

Imhof et al., 19 from coordinated satellite and ELF field-strength measure-
ments, have found that direct particle precipitation into the atmosphere can
cause ELF transmission anomalies. In these anomalies, the signal strengths
may be either attenuated or enhanced, depending on the spatial extent and
location of the ionization. The effect appears to be due primarily to changes
in the excitation factor.

Presented in figure 8 is a comparison of the Connecticut nighttime field
strengths measured from 28 April through 7 May 1978. During normal propaga-
tion conditions, the average nighttime field strength should equal -145.5
dBA/m, and the average night-to-day relative-phase variation should equal
-22 deg.

Referring to figure 8 and table 3, we see that the 28 April to I May
nighttime field strengths were lower than normal with the lowest field
strengths being measured on 30 April (the day after the PCA began). However,
from 2 through 8 May, the nighttime field strengths were higher than normal,
and the average night-to-day relative-phase variation was only -10 deg. These
two factors imply a decrease in the 2 through 8 May nighttime average reflec-
tion height of 10 to 15 km. Because particle precipitation into the D region
tends to increase ionization, making the ionosphere more "daylike" by lowering
the effective reflecting height and improving excitation, the 2 through 8 May
nighttime field-strength increases are as expected.

8
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Table 3. May 1978 Connecticut Daily Field-Strength
Averages ( = 291 deg)

Relative
SSTP H, Night H SRTP H, Day Hf Reate Peak/Trough
(dBA/m) (dBA/m) (dBA/m) (dBA/m) (de >5 dB(deg)

5/1 -145.1 -146.4 -145.8 -142.8 - Yes

5/2 -144.1 -144.9 -144.4 -143.0 11.0 No

5/3 -144.0 -144.7 -144.0 -143.6 11.5 No

5/4 -145.1 -144.7 -143.7 -142.6 8.2 No

5/5 -143.6 -143.9 -144.5 -143.4 6.9 No

5/6 -143.5 -144.0 -144.5 -143.3 11.2 No

5/7 -144.5 -144.7 -145.4 -143.7 12.1 No

5/8 -143.5 -144.7 -145.3 -143.3 - No

5/9 -145.0 -145.2 -144.2 -143.3 18.8 No

5/10 -144.9 -145.5 -146.3 -143.3 22.9 Yes

5/11 -143.0 -144.4 -143.5 -143.1 24.5 No

5/12 -143.8 -145.9 -143.9 -143.4 16.5 Yes

5/13 -143.8 -145.1 -145.4 -143.1 26.4 No

5/16 -144.5 -145.6 -145.1 -143.5 20.1 No

5/17 -143.5 -144.3 -146.1 -143.2 23.9 Yes

5/18 -143.9 -145.3 -145.0 -143.5 18.8 No

5/20 -143.9 -145.3 -145.1 -143.2 23.5 No

5/21 -144.0 -144.8 -145.2 -143.0 20.8 No

5/22 -143.9 -145.2 -144.6 -142,9 20.5 Yes
5/23 -143.1 -144.6 -144.0 -143.2 19.8 No

5/24 -144.0 -145.2 -144.9 -143.7 19.2 No

5/26 -144.4 -146.4 -144.4 -143.1 19.5 Yes

5/27 -143.9 -145.2 -145.1 -143.3 22.4 No

5/28 -143.5 -144.3 -145.0 -143.2 21.1 No

5/29 -143.8 -143.6 -143.8 -143.2 18.2 No

5/30 -144.3 -145.5 -144.5 -143.2 19.8 No

5/31 -143.9 -145.0 -144.5 -143.0 18.2 No

Monthly -144.0 -145.0 -144.7 -143.2 18.2 6/27
Average (22.2%)

.... . . . __ ... . . . . . . .. . .. .. I i iB . ... i ~ lI i - i i ll . ii d . . . . m . .. ... . __ . .. . .. ...ii9
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CONCLUSIONS

The horizontal magnetic-field strength measurements taken in Connecticut
from March through May 1978 again have demonstrated that the short-term sample-
to-sample variability of ELF nighttime propagation is much greater than the
short-term sample-to-sample variability of ELF daytime propagation.

During March 1978, 5 dB, or greater, nighttime signal fades occurred dur-
ing 46 percent of the measurement days, which is almost identical to the 48
percent that occurred during March 1977.13 In particular, these March 1978
nighttime field-strength fades occurred during 8 straight days (11 through 18
March).

A comparison of the normal (H*) and abnormal (H.) Connecticut nighttime
horizontal magnetic-field strengths measured during disturbed propagation
periods revealed that their behavior was quite different. This atypical
behavior could well be an indication of a nocturnal sporadic-E layer.

Field-strength measurements were also taken before, during, and after the

29 April PCA event (9.8 dB riometer absorption). One day after the start of
the PCA, the Connecticut nighttime field strength experienced a 5 dB fade.
However, from 2 through 8 May, the nighttime field strengths were higher than
normal, and the average night-to-day relative-phase variation was only -10 deg
(as opposed to the normal of 22 deg). These two factors imply a decrease in
the 2 through 8 May nighttime average reflection height of 10 to 15 km.

10
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Appendix A

CONNECTICUT DAILY DATA, MARCH 1978

Daily plots of Connecticut signal-strength, effective-noise, and SNR
values versus GMT for March 1978 are given in this appendix as figures A-i
through A-14.
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Appendix B

CONNECTICUT DAILY DATA, APRIL 1978

Daily plots of Connecticut signal strength (both amplitude and relative
phase) versus GMT for April 1978 are given in this appendix as figures B-1
through B-13.
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Figure B-~.2. Connecticut Data Versus GMT .(u, = 291),
26 and 27 April 1978
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Figure B-13. Connecticut Data Versus GMT C~=291 deg),
28 Through 30 April 1978I
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Appendix C

CONNECTICUT DAILY DATA, MAY 1978

Daily plots of Connecticut signal strength (both amplitude and relative
phase) versus GMT for May 1978 are given in this appendix as figures C-I
through C-12.
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Figure C-1. Connecticut Data Versus GMT OP=291 deg),
1 Through 3 May 1978
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Figure C-2. Connecticut Data Versus GMT (~*291 deg),
4 Through 6 May 1978
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Figure C-3. Connecticut Data Versus GNIT (~=291 deg),
7 Through 9 May 1978
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Figure C-S. Connecticut Data Versus GMT (,=291 deg),

12 and 13 May 1978
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Figure C-6. Connecticut Data Versus GMT (~, 291 deg),
16 and 17 May 1978
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Figure C-7. Connecticut Data Versus GM4T (F=291 deg),
18 and 20 May 1978
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Figure C-8. Connecticut Data Versus GMT -~ 291 deg),
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Figure C-9. Connecticut Data Versus GMT (,=291 deg),
23 and 24 May 1978

C-10



TR 7079

-142

-144 -

1 6 7-146-

-148-

-142-

-144-

-146

-148-

DY- SSTP ..- NIGHT -~jSRTP i.-DAY

40-

20-

0

40-40

20-5/77

20 22 00 02 04 06 083 10 12 14 16
GMT (hr)

Figure C-iO. Connecticut Data Versus GMT (,=291 deg),
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Figure C-11. Connecticut Data Versus GMT (p=291 deg),
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