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PREFACE
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| propagation, (2) the ﬁHalloween effectl was observed for the sixth year in
a row, (3) phase velocity changes during pure nighttime propagation condition

occasionally appear to be greater than changes associated with the sunrise- ‘

sunset terminators crossing the transmitter or receiver locations, and

(4) there may be as many as 80 nights each year when the average nighttime

field strength will be approximately 3 dB lower than that on preceding or

following nights.
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ELF FIELD STRENGTH MEASUREMENTS
MADE IN CONNECTICUT DURING 1975

INTRODUCTION

Since June 1970, the Naval linderwater Systems Center, New London Laboratory
(NUSC/NL), has sporadically made farfield, extremely low_ frequency (ELF) horizon-
tal magnetic field strength measurements in Connecticut.'~° Prior to October 1971,
the local measurement site was located in the Nehantic State Forest, East Lyme,
Connecticut. Presently, it is located in Hammonassett State Park, Madison, Con-
necticut. There are no power or telephone lines within a 1kmradius of these sites.

Continuous wave (CW) measurements at 42 and 75 Hz were made in Connecticut

at various during 1975. These measurements are for the purpose of further
investiga irise, daytime, sunset, nighttime, and seasonal ELF propagation
variatic 1g the measurements, NUSC narrowband ELF field intensity
receive lized.® Effective integration times per sample of 30 minutes
and 1 > employed. Each 30 minute effective integration time sample is

an average of three 10 minute, two 15 minute or one 30 minute actual integration
time samples. Furthermore, each 1 hour effective integration time sample is an
average of two 30 minute effective integration time samples.

. The transmission source for these 1.6 Mm measurements was the U.S. Navy
ELF Wisconsin Test Facility (WTF). The WTF is located in the Chequamegon
National Forest in north-central Wisconsin, approximately 8 km south of Clam
Lake. The transmission source consists of two 22.5 km North-South (NS) antennas |
(one buried and one elevated) and one 22.5 km elevated East-West (EW) antenna.
Each antenna is grounded at both ends. The transmission station is located at
the midpoint intersection of the two antennas.

The electrical axis* of the WTF EW antenna is 114°E of N at 75 Hz and
118°E of N at 45 Hz; the electrical axis of the WTF NS antenna is 14°E of N at
75 Hz and 11°E of N at 45 Hz.”’-8 The WTF antenna array pattern can also be
steered to any particular receiving location.

This report discusses the results of the latest measurements and compares
them with previous data.

*Electrical axis, or electrical location, is defined as the sum of the
antenna axis angle and the pattern skew angle. For instance, at 75 Hz the EW
antenna axis direction is 109°E of N and the measured pattern skew is 5° clock-
wise; therefore, the electrical axis of this antenna at this frequency is 114°E J
of N.
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THEORY

For distances sufficiently removed from the region of the antipode, the
farfield horizontal magnetic field strength component H, produced by the
WTF array (normalized with respect to the EW antenna at g current of 300 A)
may be expressed asl,9

20 log H¢ ~ K+ 20 1log E - ap - 10 log a sin §-+ 20 log F%?l dBA/m , (1)
where
K = -143.7 dB at 45 Hz and -139.3 dB at 75 Hz
E = [h \,0 '-‘Vc/v = is defined as the earth-ionosphere waveguide
KMV “eEW P gu
excitation factor; note that E is inversely proportional to the
product of the effective ionospheric reflecting height h (in
kilometers times \JOeEW
JeEW = effective earth conductivity beneath the WIF EW antenna
= 2.8 x 10°% mho/m at 45 Hz and 3.2 x 10°* mho/m at 75 Hz
c/v = ratio of free space to earth ionosphere waveguide phase velocity
a = earth-ionosphere waveguide attenuation rate (dB/Mm)
p = great-circle distance between WTF and receiver (Mm)
a = radius of the earth (~6.37 Mm)
F(¢)/B = WIF array pattern factor, which equals unity in the direction of

the EW antenna axis.’s

MARCH-APRIL MEASUREMENTS

Sunset transitional and nighttime CW transmissions at 42 Hz were
received in Connecticut from 2000 to 0400 EDT during the period of 13 March
to 4 April. The WTF antenna phasing was 0°. The normalized daily averages
are presented in table 1, and the actual field strength samples and SNRs are
listed in tables 2 and 3. The daily averages listed in table 1 are normal-
ized to the WIF EW antenna at 300 A and 45 Hz. That is, 1.4 dB has been
added to the actual measuved field strengths (0.8 dB for the pattern factor
and 0.6 dB for 20 log 45/42).

The average normalized nighttime field strength was about 0.5 dB higher
than measured in January, March, and September 1974 and about 0.5 dB lower
than measured during November 1972 and December‘1973‘1'2»5
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Table 1. March 1975, Connecticut, 42 Hz Field Strength Daily Averages
(A1l data normalized to the WTF EW antenna at 300 A and 45 Hz)

st e
3/13 — 3/14 -148.8 -149.8
3/14 — 3/15 -149.8 -150.8
3/15 — 3/16 -149.9 -149.0
3/17 — 3/18 -148.6 -148.6
3/18 — 3/19 -149.2 -149.7
3/19 — 3/20 -149.4 -149.8
3/20 — 3/21 -149.9 -149.4
3/21 — 3/22 -148.4 -148.6
3/22 — 3/23 -149.3 -150.3
3/25 - 3/26 -148.4 -149.3
3/27 - 3/28 -148.1 -150.7
3/28 — 3/29 -152.8 -150.2
3/29 — 3/30 -149.6 -149.2
3/30 — 3/31 -148.9 -149.5
3/31 — 4/1 -147.6 -150.0

4/1 — 4/2 -148.8 -149.2
4/2 ~ 4/3 -150.8 -149.7
4/3 — 4/4 -149.5 -149.7
Average -149.2 -149.5

The March-April field strength averages are plotted versus time in figure 1.
The effective integration time per sample was 30 minutes and the average SNR was
20 dB. All plotted times are sample starting times. Note that the nighttinme
field strength from 2100 to 2315 was approximately 1.5 dB higher than that
measured from midnight to 0400.

Figures 2 through 10 are daily plots of the March-April sunset transitional
and nighttime field strengths. The 80 percent confidence interval for the pure
nighttime mean data is presented to the right of the collected data points for
each day. Sample-to-sample variability in excess of this confidence interval is
regarded as significant.




TR 5695

SESES 9 ISl SIS L°TST= - STIST~ P$°TISL- P ISl £ IST~ 67051~ J10SI~ .656vi~" 1 DST=" GROPLE I SEn Ll Rt N

0°6¥T- 9°0ST~ T 1ISI- 2 TSI~ 8°TST~ L°qSI- 6°eSI~ L°ZSI~ (ST0ST- T '8vl= 'S6Vi= 9 I8k 6 28l=" B 151 = Loy
L°0S1~ 1°TST~ 9°6¥T~ T ISI- ~8°gSI~ ¢ 1ST- eSt- P 280~  ¢°8SI- R Sl A7PST~ ¥ St AR DEIE S it = anie ey
¥SCSI= €725~ 9°ISk- p°0ST- .6°0SI~ S"0SI= €°0SI~ S'6GbI~ £°0SI- €°0ST= L'0ST~ L6 05T SEEk~" N il = s un Doy = /v
f £°€SE- E£°ZSI= B IST= 8°0ST- €£°08I= ‘9°TIST= ®°1St~ §°2ST~ 2SSt~ #'ZST~ 1°1S91~ S°05I=1 9 5e= " Gl Sl iy assy
,m.mm~- £°¢S5t~ 0@'eSt~ ¢£°2SI- 8°ISI= P IS~ S IST- '0°ISI- ¥ 0SI= 9°6PI— B SPI- 176kl 1 GRS 'S DEI- B Np= SN /s
8°0ST- 8°0ST~ O°ISI- L°IST- 9°6vI~ S°0SI-. 0°2ZSI~ 1°'ISI~ 8°0SI~. L 6bI- T'0SI=. R OSi= 1 OS5I 0051 O rsi~ Ht/E
0'ZST= §°1S1- E£°ISI- 6°0SI- #¥°ISI- g€°6kI- . €°0ST= T°ZST~ B%¢SI~ 67081~ [1°$Si~ 9°ySi- 9'Esy~ ¥ ESP: 0 551 SgiE
$°98%= T°SSI= 6°gSI~ . T°#ST- 9°gsI~ T 8SI= Z7ZST= T ISI~ €°1S1- 'ST0SI- S'6ki> 5 9% 8VWi= RSl 00yl 0%
$apl~ ¥°0SI- Z°ISI- 6°1ISI= $°IST~ 8§ 1SI- . £°7Sr> ®IIST= I°ISI= L20ST= 6%~ O 0SE""S ORI~ Al Sr sl suriy
,REE* £°CSE-  pTIST- €OTSI- L 2°@ST-. 67ISI-  SUIST- 67281 £TESLT. 9UIST= okl L L 0B L 18T S ISR SRRy Ry
18T~ ST6¥I- 9°6YT- Z2°0ST- "L°6YIT ZTOIST- (TT0ST= IT6¥I-. 6°0SIS 671SI- GM0ST~ 2U6vE-_ R8N~ 96FEs TO05C IR
¥ISE~  L°1STS SUIST-  LOUST~- 0TSt 605 ESY= 9S0ST ZT0STE 8U6pLr LGB LA L ilinE T & GSEE R e
E°08t- S°1St~ ¥'251- S°2St~- ~0°1Slt= '0O°ISI~ ¥'e¢Si- @p'gSl- 6 'ISI=' O ¥SI~ D081~ (07ISI- T 0u0sT= % Sk S es=iu il
L*TST=- 8°IST= S'ISI- TESTI- 6 IST= S°€91=- ¥ 2OT= S 1SI= 27081~ L 0ST= X051 S°6prI- 98N - S il LS~ "Ry
9°6¥L~ 8°6¥I- 670SI~ T EST- 9°ZST- L°0SI- 0°0S1- L£°6VI- ¥ 69T~ T BPI~ S°8pI= LE GPb- 000~ STPSEE S5 BOg= Fl0S
£°051~ ¥°2ST-" 505~ 6 IST= 9IS 6°0SI- 0°6¥I- Z°6VI- L1'6F1- T 6¥IT 5761~ GRS LTSI~ Sins
TSI~ ¥ LSt= T1°6SI- €°9STS TUIST- . LU2ST= 6 eST- CHTISTT ETISTT 1°6¥I- STOSTT 9SS ITRer- 5 0n - SaCysie i
2SSk L°CS1- ¥°OST- STISt= 6°2Sl=  9°0ST= PU0SY= L72ST= -E£TNSE- wo6Hl- R 0SET D @SS G TR SRl S R

9¢€0 90¢£0 9£20 G020 0€10 ¥S00 r200 8vel 81el vze 1z ow1e 9012 0€0C 000z 9eqQ

sy38uoa3§ PIaT4d ZH Zp ‘INDTIDAUUO) “S/6T YSIBW °Z SIQEL



TR 5695

I*%% 9LE O°gRT 9T LO°EE  V°ST - 6°C% ~STC 2 0°%C ¢ PoEC w9980 TSh WSk STy oAV
£ LG} S°6F O°LT B8I (STOL -S°9T" 8%LY L V2T L TWT TTIT.  0%6T T LRLE O 6LLY T oLe £/v
6°3¢C SS9 0% 6°%¥C. Qe 0°ST  T'¥C STCcC . L¥T LT 0N GpAFE C OTETVTOTTE L BTOF /v
S TH 0S¢  @°ST  5SE SUSE ¢ 0°ie 0592 SY9T . STO7Y [UGEOFZ CHELEH St Ut OE SRR /v
S'CC  0'ST SRE . 8°ST " £°9C 0°ST _B°ve 0°€Z 00EC S8 . SVC V0SST 09T 8 ST Sy E SR
€TT 81T 6T T1'ST T'ST 0w I'VE g°WC . O7HE - SWE . 99T GTODT T 0L USSP TS NS
0°LZ §'9¢ 0%'9¢ - S°9C 0'8¢ 0°9C- S§$°ST ' S"9C  S'9¢ 0°[%-10°9¢ '8:SE » SSC FSESC - STEE nAEE
€22 S'TT S°1E TfT¢ S'¢T S'EC - S°CC .S°61  8NLT BIBL.  BIST WOTLE . 091 nSiST S DL L IR
6°L1 1°8F 64T S 8% 5 0°8F &°8L " L°BI S*8I - 0°6L L°61 -S°0Z 1°0Z 8°61 28  0OOF . B/
S'ST €% €WZ  T¥C £°¥T LT 1°ST [ 0°ST | SERT N 02T USTSC 8T 0T - STSL SN SRS
&°€C  S'Te Ove  ¢°vT €T 8¢ T¥E  8°Tc T O°ZC 0T 092 SSTPT D STEY Sl SRR SRR
S'€Cc L°SC TS 0°%c TS€C SiCC . L°ST  OTWZr TUEZ o T 2T O ETSE R0isE vk iR s ST A
SIC  0°%C T°fZT . rvTT SSTET LT g£°Rt -1t LM AR 0rsl | BT s BRI
§4e 0°9Z Z°S¢ ST - 0°LZ 1S9 9'€C  S'cl S'¥C =0T S0 w0TRE 0TS OSSR SR
g°¢€Z 0°SZ 0'9¢ 0°€Z ©0'$c ' T'eT - 0'$C S'ETC O°ST_ TWC GWE S £ O S5 W
0*¢z-  S°'$Z L°€C L°0T -€70Z 0y - 0°ST S'S¢ S°SZT T .59t 029z - BibE ST Ti0APR Rl ol i
0°¢Z ' Ss'ct O0°'ge  S°0T S¥E /—— —~—— 0°9Z S°SZT ,0°SC 0°'SCc 0¥z 0¥ "SS5S NS
g0 QST €l S°LL . §761 -0°6T - 8°8I 8970 1€ 00 v 58I TSie. DSECEE0 T i S
0°IZ Z'¢2 LSz~ 7'tz 0'Veg “1'Se -zt ¢TSI o 9%ET. vt .26t LS00 0 gt Sl Skl
9¢€0  90£0 9£20 0020 OSTO  PSOO  ¥ZOO 8PSZ 8ISZ ZbZZ ZIZz 9SIZ 901z 0S0Z° 000Z @3eq

SUNS Yead ZH ¢y ‘INOTIdBUUO) ‘SLET YdIew

(sYNS sur uteiqo o3 gp § ideIIqng)

e G

e s

‘¢ d1qelL




TR 5695

On March 13-14 (figure 2), the field strength oscillated throughout the
night with peak-to-trough variations of 2 to 3 dB. On 14-15 March, the field
strength peaked from 2100 to 2300, then rapidly decreased (by 9 dB!) by 0230
before increasing again.

During both 15-16 and 17-18 March (figure 3), the nighttime field
strength was again variable with peak-to-trough variations of 3 to 4 dB.

On 18-19 March (figure 4), the nighttime field strength steadily decreased
by approximately 4 dB from 2100 to 0030 before leveling off, whereas on 19-20
March, the nighttime field strength gradually decreased by approximately
2.5 dB from 2100 to midnight, increased approximately 1.5 dB around 0100,
decreased again and steadily increased by 2 dB from 0200 to 0400.

During the night of 20-21 March (figure 5), the nighttime field strength
peaked at approximately 2200 and then gradually decreased by approximately
3 dB during the rest of the night. During 21-22 March, the field strength
again oscillated with peak-to-trough variations of 2 to 3 dB.

On 22-23 March (figure 6), the field strength peaked at 2212, decreased
4 dB by 2318, increased approximately 2 dB by 0030 and remained at that level
for the rest of the night. On 25-26 March, the nighttime field strength
gradually decreased 3 dB from 2100 to 0030, and then gradually increased 3 dB
during the rest of the night.

During the night of 27-28 March (figure 7), the nighttime field strength
steadily decreased by approximately 6 dB from 2130 to 0400. During the next
night (28-29 March), the field strength started out at the same low level and
gradually increased approximately 5 dB by 0045, and then steadily decreased
by approximately 2 dB during the rest of the night.

On 29-30 March (figure 8), the nighttime field strengths were less
variable with peak-to-trough variations of only 2 dB. However, on 30-31 March,
the nighttime field strength steadily declined 4 dB from 2200 to 0400.

During the night of 31 March and 1 April (figure 9), the field strength
steadily declined 3.5 dB from 2000 to midnight, increased 2 dB by 0130 and
then decreased 2 dB by 0400. During 1-2 April, the field strength was
essentially constant from 2130 to 0200, and approximately 1.5 dB lower from
0230 to 0400.

On 2-3 April (figure 10), the field strength increased by 3.5 dB from
2000 to 2130, decreased 4 dB by 2318 and then steadily increased approxi-
mately 3 dB during the rest of the night. On 3-4 April, the field strength
decreased 3 dB from 2000 to 2100, increased 5 dB by 2230, decreased 5 dB
by midnight, and then increased 4 dB by 0400.

Presented in figures 11 and 12 are the 1 hour effective integration time
samples for this period (each 1 hour effective integration time sample is an
average of two 30 minute effective integration time samples). As mentioned
previously, the largest nighttime signal variations occurred on 3-14 — 3-15
and 3-27 — 3-28, whereas the smallest signal variation occurred during the
night of 3-29 and 3-30.

Altogether, we measured during 18 nights in March-April 1975. It should
be noted that the nighttime field strength was not constant throughout the

nighttime measurement period (2100 to 0400) on any of these 18 nights.
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SEPTEMBER MEASUREMENTS

Daytime, sunset transitional, and nighttime CW transmissions at 76 Hz
were received in Connecticut during the period of 15-26 September 1975. The
WTF antenna phasing was either 60° or 300° during the daytime and 300° at
night. The daily averages (not normalized) are presented in tables 4 and 5,
and the actual field strength samples and SNRs are listed in table 6.

Table 4. Summer 1975, Comnecticut, 76 Hz Daytime Field Strength
Daily Averages

. Field Strength
Date WTF Phasing (dBA/m) Average
6/5 o° -144,1
6/6 0° -143.9
7/17 0° -143.9 -144.0(0°%)
7/19 o° -i44.1
8/26 EW only -144.3
8/28 EW only -144.1 -144.2 (EW)
; 9/15 60° -143.9
¢ 9/16 60° -144.0 -144,2(60°)
& 9/17 60° -144.8
i? .
¥ 9/18 60° -144.3
§ 9/15 300° -142.7
g 9/16 300° -141.9
; 9/17 300° -143.5 -142.5(300%)
5 9/18 300° -142.3
& 9/19 300° -142.4
7 L Y S

Table 5. September 1975, Connecticut, 76 Hz
Nighttime Field Strength Daily Averages
(WTF antenna phasing = 300°)

Sunset H Nighttime H
e (dBa/m)® (dBA/m)
9/21 -144.2 -144.9
n/22 -143,7 ~145.6
9/23 -143.3 ~145.5
9/24 -143.5 -146.9
9/25 «143.5 ~145.8
9/26 -143.4 ~145.8
Average -143.6 ~145.7
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F# Table 6.

September 1975, Connecticut, 76 Hz Field Strengths and Peak SNRs
(Subtract 3 dB to obtain rms SNRs)

\ Time 9/21 9/22 9/23 9/24 9/25 9/26 Average
| 1900 -144.1 -144.1 -143.1 -142.9 ~143.3 ~-143.2 -143.4
J (24.6) (26.0) (26.3) (26.8) (26.9) (26.9) (26.2)
1933 -144.1 -143.4 -143.9 -143.9 ~143.5 ~-143.6 -143.7
(25.1) (27.1) (25.8) (26.2) (25.9) (26.8) (26.1)
2006 -144.2 -144.2 -143.2 ~142.9 ~143.9 ~-143.8 ~-143.7
(25.6) (26.1) (26.8) (27.4) (26.6 (26.8) (26.5)
2039 -144.6 -143.2 -142.9 ~144 .4 ~143.4 ~-143.2 -143.6
(24.8) (27.5) (27.0) (26.4) (27.4) (27.5) (26.7)
2112  -143.6 ~144.1 ~143.9 ~-144.9 ~-144.1 -143.3 -143.9
(26.6) (26.7) (26.7) (25.6) (26.5) (27.5) (26.6)
2145 -143.5 ~-144.6 -144.1 -145.3 -144.3 -144.3 -144.3
(26.5) (26.4) (26.3) (25.3) (26.2) (26.2) (26.1)
2218 -143.9 ~144.1 -144.7 ~146.6 -145.2 -142.5 -144.5
(26.3) (27.6) (26.0) (24.4) (25.3) (27.0) (26.1)
2251 -144 .4 ~144.0 ~144 .4 -146.1 ~-146.2 -143.8 -144.9
b (24.8) (27.5) (25.9) (24.7) (24.5) (25.5) (25.5)
2324 ~-145.0 ~145.2 -145.7 -147.0 -146.8 -146.0 -145.8
(24.2) (26.3) (24.8) (23.3) (23.6) (22.5) (24.1)
2357 -145.3 ~145.7 ~-146.8 -147.6 -147.1 -146.5 -146.5
(24.2) (25.8) (24.0) (22.8) (23.5) (22.0) (23.7)
0030 -146.3 ~146.8 -146.9 -149.1 -147.8 -147.7 -147.2
(23.1) (24.4) (23.8) (20.7) (22.6) (20.8) (22.6)
0103 -147.1 -147.6 -147.0 -149.5 -146.8 -149.0 -147.6
(21.8) (23.3) (22.8) (20.5) (23.2) (19.5) (21.9)
0136 -~146.7 -147.5 -145.8 -147.3 -145.6 -149.5 -146.8
(23.5) (23.3) (24.4) (22.5) (24.6) (19.0) (22.9)
0209 -146.8 -146.4 -146.5 -144.8 -147.3 -146.3
(24.2) (23.6) (23.7) (25.4) (21.0) (23.6)
4 During the week of 15-19 September, the WTF transmitted at 300° phasing
3 in the mornings and 60° phasing in the afternoons. From table 4 and figures
: 13 and 14, we see that 300° phasing produces approximately 1.6 dB greater
' field strength in Connecticut than does either 60° or 0° phasing. Since the
/ Connecticut site is approximately broadside to the WTF NS antenna (i.e., the
azimuth angle is 89.5°), only the WTF EW antenna contributes to the magnetic

} field strength in the Hy

Thus, the 300° ph

direction. That is, if the WIF dipole moment is
constant, the field strength received in Connecticut (in the Hg direction)
s

should be independent of WTF phasing angle. ing results
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can be interpreted only as an increase in the dipole moment of the WTF
EW antenna.

It should be noted that other WTF phasing and dipole moment anomalies
have been observed by us and also by the Naval Research Laboratory (NRL,
J. R. Davis, personal communication, 1975). We have recently resolved the
WTF phasing anomaly problem, and will present the results in a future report.

The September sunset transitional and nighttime field strength averages
are plotted versus time in figure 15. The average SNR was 22 dB. Note that
the average nighttime field strength was not constant. The field strength
from 2100 to 2315 was approximately 2.5 dB higher than that from midnight
to 0230. However, during the sunset transitional period (1900 to 2100), the
average field strength was essentially constant.

Daily plots of 30 minute effective integration time samples of sunset
transitional and nighttime field strengths for September are presented in
figures 16 through 18. The 1 hour effective integration time plots are given
in figure 19. To the right of each day's data is a bracketed line segment
that indicates the 80 percent confidence interval for the pure nighttime mean
data. The nighttime field strength was not constant throughout the measure-
ment period (2100 to 0230) on any of these 6 nights. The daily nighttime fieid
strength steadily decreased from 2100 to approximately 0130 by 3 to 6 dB, before
leveling off or increasing slightly. The largest field strength decreases
occurred on 24 and 26 September.

OCTOBER MEASUREMENTS

Nighttime CW transmissions at 76 Hz were received in Connecticut from
27 October to 1 November. The WTF antenna phasing was 0° and the measure-
ments took place from 1900 to 0230 EST. Both amplitude and relative phase
were measured.

The October measurement period is highlighted by the '"Halloween effect."
This effect has been observed for the past 6 years in a row, between 27 Octo-
ber and 1 November. It is marked by an average drop in field strength of 2 to
6 dB, relative to the preceding and following nights.l1-5,10,11 The effect has
been observed in both the 40 to 50 and 70 to 80 Hz frequency bands. It appears
to be due mainly to a decrease in the nighttime excitation factor, rather than
to an increase in the nighttime attenuation rate (since, at a range of 1.6 Mm,
a 0.4 dB/Mm change in attenuation rate is only a 0.6 dB change in field strength).

The "Halloween effect'" may well be related to the famous '"November effect."
Early observations of VLF waves transmitted from North America to England showed
marked decreases in signal strength near the end of October and early November.
Furthermore, VLF and LF radio waves received over paths of less than 1.2 Mm in
western Europe showed large departures in signal strengths, near the end of
October (both increases and decreases), from their summer values. 3 This so-
called "November effect" has since been identified as part of the summer-to-
winter change in the D-region and has been observed as an increase in_signal
strength of VLF and LF waves over short (<600 kn)paths.14‘l6 Thomas17 has
recently used recordings of VLF, LF, and MF radio waves propagated over short
paths to examine the times of onset of the summer-to-winter change in the
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’V D-region over céntral Europe during 1970-1972. These times are found to be
delayed by about a month on the reversal in the mean zonal circulation in
the stratosphere, the delay becoming longer, the greater the height in the
D-region.

The October daily averages (not normalized) are presented in table 7,
and the actual field strength samples and SNRs are given in table 8. The
nighttime field strength averages are plotted versus time in figure 20. The
effective integration time per sample was 30 minutes and the average SNR was
20 dB. Note that the average field strength from 1900 to 2130 was only 0.5 dB
higher than during the rest of the night.

Table 7. October 1975, Connecticut,
76 Hz Nighttime Field Strength
Daily Averages

Nighttime H

i s s (aBa/m) ¢
10/27 — 10/28 -151.5
10/28 — 10/29 -146.0
10/29 — 10/30 -144.7
10/30 — 10/31 -147.9
10/31 — 11/01 -147.4

{ 11/01 = 11/02 -146.3

i Average -147.1

L ks s il

Daily plots of the nighttime field strength are presented in figures 21

: through 26. The effective integration time was, again, 30 minutes. The 1 hour
i effective integration time plots are presented in figure 27.
i

If we refer to table 7 and figures 21 through 24, and figure 27, we see

| that the field strength averages were remarkably different during the first

§ four night< of the Halloween period. The nighttime field strength measured

i on 10-27 and 10-28 (which was the lowest 76 Hz average nighttime field strength

| ever measured in Connecticut) was 7 dB lower than measured on 10-29 and 10-30,
and approximately 6 dB lower than measured from 1900 to 2300 on 10-28 and
10-29. The field strengths were relatively constant (+1.0 dB) during each
nighttime measurement period with the exception of 10-28 and 10-29, when the
variation was approximately 5 dB.

The relative phase (figures 21 through 27) decreased approximately 30°
during the night of 10-27 and 10-28, remained fairly constant on 10-28 and
10-29 and on 10-29 and 10-30, and increased 10° to 20° during the nights of
10-30 and 10-31, 10-31 and 11-1, and 11-1 and 11-2. Note that although the
field strength amplitude decreased approximately 5 dB during the night of
10-28 and 10 29, the relative phase was essentially constant.

10

L“‘h’
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Table 8. October 1975, Connecticut, 76 Hz Field Strengths and Peak SNRs
(Subtract 3 dB to obtain rms SNRs)

IE:;) 10/27-28  10/28-29  10/29-30  10/30-31 10/31-11/1 11/1-11/2  Average
1900  -149.7 -144.8 -144.9 -147.2 -147.7 -146.7 -146.6
(18.8) (24.9) (24.8) (24.5) (23.2) (24.8) (23.5)
1933 -150.8 -144.6 -145.4 -148.3 -148.5 -145.8 -147.0
(17.5) (25.5) (24.7) (23.6) (22.0) (24.9) (23.0
2006 -151.2 -144.6 -144.3 -149.0 -147.4 -146.6 -147.0
(17.3) (26.1) (25.6) (22.5) (23.3) (24.1) (23.2)
2039 -151.6 -144.5 -145.2 -147.8 -146.4 -146.0 -146.7
(15.2) (26.2) (24.9) (24.4) (24.3) (24.5) (23.3)
2112 -150.4 -144.7 -144.7 -148.1 -146.8 -146.9 -146.7
(16.4) (25.6) (25.2) (24.1) (23.7) (23.4) (23.1)
2145 -152.2 -144.8 -143.6 -149.3 -148.3 -146.9 -147.3
(14.53) (25.9) (26.7) (22.4) (22.0) (23.4) (22.5)
2218 -151.6 -145.1 -144.5 -149.1 -147.8 -147.0 -147.3
(15.2) (25.6) (26.4) (23.4) (22.5) (23.6) (22.8)
2251  -152.8 -145.4 -144.8 -148.4 -147.5 -146.2 -147.3
(14.0) (25.3) (26.1) (23.5) (23.0) (24.5) (22.7)
2324  -151.7 -145.8 -145.0 -147.5 -147.5 -146.5 -147.1
(15.1) (24.3) (26.3) (24.9) (22.8) (23.8) (22.9)
2357 -154.3 -147.2 -145.1 -146.9 -147.3 -146.7 -147.5
(12.9) (23.3) (26.2) (24.8) (23.4) (23.8) (22.4)
0030  -150.6 -148.6 -144.7 -147.0 -146.9 -146.2 -147.1
(16.6) (21.3) (26.3) (25.4) (23.2) (24.1) (22.8)
0100  -151.7 -147.6 -144.4 -147.5 -147.5 -145.6 -147.2
(15.5) (21.7) (25.7) (24.9) (22.6) (23.8) (22.4)
0130  -152.1 -149.2 -144.5 -147.8 -146.6 -145.4 -147.4
(15.1) (20.5) (25.5) (24.6) (23.0) (24.5) (22.2)
0200  -151.9 -149.3 -144.6 —_ -147.7 -146.3 -147.6
(15.7) (20.8) (25.6) —_ (22.3) (24.8) (21.8)

As previously mentioned, this is the sixth year in a row that the
"Halloween effect'' has been observed in Connecticut. Furthermore, the varia-
tions in field strength (during the first four nights) were the largest ever
recorded (in Connecticut) during a four-consecutive-night measurement period.

NOVEMBER MEASUREMENTS

Sunset transitional and nighttime CW measurements at 76 Hz were received
in Connecticut from 18 through 25 November. The WTF antenna phasing was 0°
and the measurements took place from 1700 and 0500 EST. Both amplitude and
relative phase were measured.
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The November daily averages (not normalized) are presented in table 9,
and the actual field strength samples and SNRs are given in table 10. The
field strength averages are plotted versus time in figure 28. The effective
integration time per sample was 30 minutes and the average SNR was 19.5 dB.
Note that the average nighttime field strength from 1830 to 2130 was only
0.5 dB higher than from 2130 to 0500.

Table 9. November 1975, Connecticut, 76 Hz
Field Strength Daily Averages

Sunset H Nighttime H

Date (dBA/m) ® (aBA/m) ¢
11/18 —~ 11/19 — -146.9
11/19 — 11/20 -144.4 -144.5
11/20 — 11/21 -145.6 -147.7
11/21 — 11/22 -145.5 ! -146.8
11724 ~ 33425 | w145.4 -146.3
11/25 — 11/26 ~147.1 -147.1
Average -145.6 -146.5

Daily plots of the 30 minute effective integration time field strength
are presented in figures 29 through 34, and the 1 hour effective integration
time plots are presented in figures 35 and 36.

If we refer to table 9 and figures 29 through 36, we see that the November
field strength fluctuations (from night to night and within each night) were
nowhere near as severe as they were in September and October. The main excep-
tional (amplitude) night was 11-19 and 11-20, during which the field strength
was approximately 3 dB higher than during the preceding or following nights.
The maximum relative phase variation (~25°) occurred on 11-20 and 11-21, with
most of the change occurring from 1700 to 1900 (i.e., during the sunset transi-
tional period).

Figure 37 is a plot of the November 1 hour effective integration time
field strengths measured from 1900 to 0230 (i.e., the same times as measured
in October). By comparing these data with figure 27, we see that the field
strength amplitude variation from 10-29 and 10-30 to 10-31 and 11-1 closely
resembled the variation from 11-19 and 11-20 to 1!-21 and 11-22, However, the
relative phase measured during the November period exhibited much less vari-
ability than did the October relative phase.

12
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Table 10. November 1975, Connecticut, 76 Hz Field Strengths and Peak SNRs
(Subtract 3 dB to obtain rms SNRS)
Tive 11/18-19 11/19-20 11/20-21 11/21-22 11/24-25 11/25-26 Average
(EST) 3
1700 — -143.5 -145.3 -145.1 -144.3 -146.9 -145.0
o (25.9) (23.7) (23.4) (24.1) (23.7) (24.2)
1733 i ~144.9 -145.7 -145,2 -145.7 -147.2 -145.7
e (23.4) (23.0) (23.1) (21.8) (22.6) (22.8)
1806 -146.6 -144.8 -145.9 -146.2 -146.4 -147.3 -146.2
(22.4) (23.6) (22.8) (21.3) (22.0) (21.9) (22.3)
1839 -146.8 ~143.8 -145.9 -147.3 -146.9 -146.4 -146.1
(21.6) (24.7) (22.7) (18.2) (20.9) (22.5) (21.8)
1912 -146.7 ~144.2 ~146.3 -147.3 -145.1 -147.6 -146.2
(22.0) (24.3) (22.4) (20.3) (23.3) (21.1) (22.2)
1945 -146.3 ~144.7 -147.6 -147.1 -145.8 -147.2 -146.4
(22.4) (24.2) (21.3) (21.2) (21.8) (22.0) (22.2)
2018 -146.0 ~144.6 -147.7 -146.7 -145.2 -147.4 -146.2
(22.7) (24.4) (21.0) (22.3) (23.0) (21.8) (22.5)
2051 -146.0 ~144.2 -148.1 -145.8 -146.5 -147.7 -146.3
(22.7) (25.0 (20.9) (23.8) (21.8) (21.7) (22.7)
2124 -146.4 ~144.1 -147.0 -146.4 -146.6 -148.1 -146.4
(22.8) (25.7) (22.2) (23.0) (22.4) (20.6) (22.8)
2157 -147.6 -144.1 -147.8 -146.5 -146.1 -147.7 -146.6
(21.5) (25.6) (21.4) (22.4) (21.6) (20.6) (22.2)
2230 -147.3 -144.3 -147.6 -146.5 -146.3 -147.7 -146.6
(21.4) (24.9) (21.5) (22.6) (22.2) (22.1) (22.5)
2303 -147.1 -144.6 -148.3 -147.3 -146.5 -146.6 -146.7
(21.6) (24.8) (20.7) (20.8) (22.2) (22.8) (22.2
2336 -147.6 -145.0 -147.9 -146 .4 -146.8 -145.9 -146.6
(21.1) (25.5) (21.3) (22.1) (21.3) (23.3) (22.4)
0009 -147.6 -144.1 -149.0 -146.7 -146.8 -146.3 -146.06
(21.6) (25.4) (20.2) (22.1) (21.0) (23.3) (22.3)
0042 ~147.6 -144.6 -148.0 -147.0 -146.2 -146.9 -146.7
(21.1) (24.6) (21.1) (21.3) (21.9) (22.9) (22.2)
0115 -147.9 -144.4 -147.9 -146.5 -146.3 -147.5 -146.7
(21.3) (25.0) (21.3) (22.2) (21.8) (22.6) (22.4)
0148 -147.2 -145.0 -147.2 -147.2 -146.6 -146.6
(22.2) (24.6) (22.0) (21.6) (21.7 e (22.4)
0221 ~146.3 -144.8 -147.7 -146.8 -146.2 — -146.3
(23.1) (24.8) (21.5) (21.7) (21.9) SRR, (22.6)
0254 ~146.7 -144.5 -148.6 -148.0 -145.5 — -146.6
(22.5) (24.9) (20.6) (20.4) (22.2 e (22.1)
0327 ~146.4 -145.5 -149.1 -147.3 -145.9 g—— -146.7
(22.5) (24.1) (19.9) (20.8) (22.6) P, (22.0)
0400 -147.2 -145.4 -148.0 -146.6 -147.4 b— -146.9
(22.2) (24.4) (20.9) (22.2) (21.6) S (22.3%)
0433 -147.5 -145.0 -147.4 -147.0 -148.3 _— -147.0
(22.7) (25.0) (21.6) (22.0) (20.7) — (22.4)

13




TR 5695

DISCUSSION

Table 11 shows the ratios of the number of low field strength nights to
total nights measured in Connecticut from 1970-1975. During the 1975 measure-
ment period, there were 9 nights out of the 36 nights measured when the average
nighttime field strength (measured during at least a 4 hour period) was approx-
imately 3 dB lower than that on preceding or following nights. In total, there
have been 39 nights of the 176 measured when the average nighttime field
strength (measured during at least a 4 hour period) was 2 to 6 dB lower than
during the preceding or following nights. If these results are extrapolated
to a year, there may be as many as 80 nights each year when the average night-
time field strength would be approximately 3 dB lower than that on preceding
or following nights. This nighttime field strength reduction, also observed
at other midlatitude measurement locations,18-20 appears to be due primarily
to a decrease in the nighttime excitation factor rather than to an increase in
the nighttime attenuation rate.

Table 11. Number of Low-Field-Strength Nights
Measured in Connecticut, 1970-1975

Year 45 Hz Band 75 Hz Band Overall
1970 4/17 1/2 5/19
1971 2/12 0/13 2/25
1972 0/5 1/5 1/10
1973 2/8 7/41 9/49
1974 9/27 4/10 13/37
1975 1 4/18 5/18 9/36
i J
Totals 21/87 18/89 39/176
It has been hypothesizedzo-zs that these lower midlatitude field strengths

are a result of the charged particles that are dumped from the outer radiation
belt, following their insertion into the trapping zone during the early stages
of magnetic storms. In many cases, there is a definite correlation between
ionospheric irregularities and the lower-than-normal measured nighttime field
strengths.19-22

During the last few years, we have made a considerable number of horizontal
magnetic field strength measurements in Connecticut. One fact that we have
definitely noticed is that ELF nighttime propagation is much more variable than
ELF daytime propagation — both in variations from night to night and throughout
each nighttime measurement period. The average normalized (with respect to the
WTF EW antenna at 300 A and either 45 or 75 Hz) daytime horizontal magnetic
field strengths (measured during at least a 4 hoUr measurement period) varied
by approximately 2 dB at 75 Hz (-145 to -143 dBA/m) and by approximately 2.5 dB
at 45 Hz (-148.5 to -146 dBA/m). However, the normalized nighttime field
strengths varied by approximately 8 dB at 45 Hz (-154 tg - BA/m) and by
approximately 7 dB at 75 Hz (-151.5 to -144.5 dBA/m).1»2,5

14
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The received phase was measured (at the quadrature outputs of the
receiver) relative to the stable refegence, which had a short term frequency
stability greater than one part in 10°. For a day (D) to night (N) path
change, the corresponding phase change shift at the receiver would be

AD = %’ﬁ Ae/v) 2)

where A(c/v) = (c/v)D - (c/v)N and A is the free-space wavelength.

The accuracy of most phase estimates is of the order of * 5° .
Therefore, we can discern the magnitude of the phase shifts associated with
the sunrise-sunset terminators crossing the transmitter or receiver locations
[A(c/v)] . We can also discern the phase shifts that occur when the path is
either in total daylight or in darkness [&§(c/v)] . Previous results indicated
that the phase changed slowly when the path was under daytime propagation
conditions, and most rapidly when the terminator intercepts the path10»24n25
(i.e., A(c/v) ~ 0.1 to 0.16).

At the Connecticut site (p~1.6 Mm), a 15° phase shift at 76 Hz during
pure nighttime propagation conditions would correspond to a d&(c/v) of 0.1,
whereas a 30° phase shift would correspond to a &(c/v) of 0.2. Thus, we see
that changes in phase velocity for the WIF — Connecticut path during pure
nighttime propagation conditions occasionally appear to be greater than or
equal to changes associated with the sunrise-sunset terminators crossing the
transmitter or receiver locations.

Intuitively, we would think that when the signal level decreases, the
noise level would also decrease. Table 12 is a comparison of the field
strength, atmospheric noise, and SNR behavior for 33 nights when the field

night to night. As can easily be observed, large decreases in signal strength
are not usually accompanied by large changes in atmospheric noise levels.

The average signal decrease was approximately 4.5 dB and the average noise
decrease was approximately 0 dB, resulting in an average SNR decrease of
approximately 4.5 dB.

CONCLUSIONS

The horizontal magnetic field strengths taken in Connecticut during 1975
have again 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. In fact, the nighttime field strength
was not constant during at least 27 out of the 35 nights measured.

In addition, there have been 9 nights out of the 36 measured when the
average nighttime field strength (measured during at least a 4 hour period)
was approximately 3 dB lower than on a preceding or a following night. During
the entire 1970-1975 period, there were 39 nights out of the 176 measured when
the average nighttime field strength (measured during at least a 4 hour period)

15
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Table 12. Comparison of Field Strength, Atmospheric Noise, and SNR Behavior
Date Frequency Local Time Signal Behavior Noise Behavior SNR Behavior
4/19/73 76 Hz 1800~2400 | Decreased " 7 dB Decreased . 4 dB Decreased ~. 3 dB
5/14/73 76 2000~2300 | Decreased \ 6 dB Decreased ~ 2 dB Decreased . 4 dB
5/17-5/18/73 76 2200~0100 | Decreased ~ 4 dB Increased ~ 1 dB Decreased ~. 5 dB
9/27/73 76 1900-2130 | Decreased N 4 dB Decreased . 1 dB Decreased ~ 3 dB
10/30-10/31/73 76 1900-0300 Level ~. 3 dB below Level ~ equal to Level + 3 dB below
monthly mean monthly mean monthly mean
11/21-11/22/73 76 2200-0100 | Decreased . 4 dB Decreased 1 dB Decreased n. 3 dB
11/24-11/25/73 76 2000-0300 | Level « 3 dB helow Level ~ 1 dB above Level . 4 dB below
monthly mean monthly mean monthly mean
1/25-1/26/74 42 1800-0200 | Decreased 8 dB v Constant Decreased . 8 dB
3/19-3/20/74 42 1800-0100 | Decreased » 6 dB ~ Constant Decreased ~ 6 dB
9/11-9/12/74 76 2200-0200 | Decreased + 4 dB Decreased + 1 dB Decreased ~ 3 dB
9/19-9/20/74 42 2100-0400 | Decreased v 5 dB " Constant Decreased 5 dB
9/21-9/22/74 42 2100-0400 | Level n 2.5 dB below | Level n equal to Level n 2.5 dB below
monthly mean monthly mean monthly mean
9/26-9/27/74 42 2000-0100 | Decreased . 5 dB " Constant Decreased ~, 5 dB
9/28-9/29/74 42 2100-0400 Level . 2 dB below Level ~ 2 dB above Level © 4 dB helow
monthly mean monthly mean monthly mean
10/30/74 76 2100-2300 | Decreased ~ 4 dB " Constant Decreased A 4 dB
3/14-3/15/75 42 2100-0300 | Decreased v 9 dB v Constant Decreased ~ 9 dB
3/15-3/16/75 4z 2100-0300 | Decreased ~ 3 dB Increased v 1 dB Decreased 4 dB
3/17-3/18/75 42 2200-0200 | Decreased ~ 4 dB A Constant Decreased ~ 4 dB
3/18-3/19/75 42 2100-0100 | Decreased ~ 4 dB ~ Constant Decreased . 4 dB
3/20-3/21/75 42 2200-0400 | Decreased 3 dB Decreased 1 dB Decreased ~ 2 dB
3/27-3/28/75 42 2100-0400 | Decreased * 6 dB Decreased ~ 3 dB Decreased ~ 3 dB
3/30-3/31/75 42 2200-0400 | Decreased v 4 dB " Constant Decreased ~ 4 dB
3/31-4/1/75 42 2000-0000 { Decreased v 3.5 dB Decreased ~ 1 dB Decreased + 2.5 dB
4/3-4/4-75 42 2200-0100 | Decreased " 4 dB Increased v 2 dB Decreased \ 6 dB
9/21-9/22/75 76 2100-0100 | Decreased “ 3 dB Increased v 1 dB Decreased . 4 dB
9/22-9/23/75 76 2100-0100 | Decreased ~ 3 dB " Constant Decreased 1 3 dB
9/23-9/24/75 76 2100-0100 | Decreased ~ 3 dB ~ Constant Decreased + 3 dB
9/24-9/25/75 76 2100-0100 | Decreased ~ 4 dB Increased . 1 dB Decreased . 5 dB
9/25-9/26/75 76 2100-0100 | Decreased ~ 3 dB A Constant Decreased 3 dB
9/26-9/27/75 76 2100-0100 | Decreased " 6 dB Increased n 2 dB Decreased \ 8 dB
10/27-10/28/75 76 1900-0230 | Level ~ 4.5 dB below | Level n~ 3 dB above Level ~ 7.5 dB below
monthly mean monthly mean monthly mean
10/28-10/28/75 76 2000-0230 | Decreased ~ 5 dB " Constant Decreased \ 5 dB
10/29-10/30/75 76 1900-0230 | Level ~ 2.5 dB above | Level \ equal to Level 1 2.5 dB above
monthly mean monthly mean monthly mean
11/19-11/20/75 76 1700-0400 | Level ~ 2.5 dB above | Level N equal to Level n 2.5 dB above
monthly mean monthly mean monthly mean
Average Decrease Average Decrease Average Decrease
~ 4,5 dB "~ 0 dB ~ 4.5 dB
16
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was 2 to 6 dB lower than during the preceding or following nights. In
particular, this phenomenon has occurred between 27 and 31 October for the
past six years. If these results are extrapolated to an entire year, there
may be as many as 80 nights a year when the average nighttime field strengths
would be approximately 3 dB lower than on the preceding or following nights.
Further investigations of this phenomenon are in progress.

It has also been shown that large decreases in signal strength are not
usually accompanied by large changes in atmospheric noise levels. Also, phase
velocity changes during pure nighttime propagation conditions occasionally
appear to be greater than changes associated with the sunrise-sunset termi-
nators crossing the transmitter or receiver locations.

During the March-April, October, and November tests, NRL maintained
receiver sites at Stump Neck, Maryland, Thule, Greenland, Tromsg, Norway, and
Pisa, Italy. These results will be presented in an NRL report.
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Figure 3. 15-16 and 17-18 March, 42 Hz Field Strengths Versus Local Time
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Figure 4. 18-19 and 19-20 March, 42 Hz Field Strengths Versus Local Time
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Figure 8. 29-30 and 30-31 March, 42 Hz Field Strengths Versus Local Time
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Figure 11. 13-26 March, 42 Hz Field Strengths Versus Local Time
(Effective Integration Time = 1 hour)
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Figure 26. 1-2 November, 76 Hz Field Strengths Versus Local Time
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Figure 33. 24-25 November, 76 Hz Field Strengths Versus Local Time
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