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ELF EFFECTIVE N O I S I  NEA SI TRF~’IFNT ~ TAKEN TN CONNECTICUT DURIN G 1976

INT RODUCT iON

Under most operating conditions in the  extremel y low frequency (ELF) band ,
a tmospher ic  noise Is ti- c l i m i t i n g  f a c t o r  in receiver performance . The dominant
source of atmc.sp heric noise is attributed to radiation lndu~ ed by lightning .
Because of the low attenuation rat of ELF radio waves , whi ch make s long range
communications possible in this band , noise characteristics are affected not
only by local thunderstorms but also by storms megam eter s away .  Local thun-
ders to rm s tend to produce large sp ikes , while distant storms produce a back-
ground noise w it h occas ional spikes .

Because of the wide v a r i a t i o n  in world—wide thunders torm a c t i v i t y,  one
would expect the characteristics of ELF atmospheric noise to vary considerably
in different parts of the world. However , world—wide measurementc ind icate a
similar “sp ikiness” in all the observed data. Even in relativel y ‘

~qulet ”
par ts of the world , spikes attributed to individual lightning flashes arc
evident , mak ing the noise process distinctly non—Gaussian .1

The non—Gaussian nature of the atmospheric noise has an impor tant ef fec t
on receiver design and on system performance. With Gaussian noise , the optimum
rece iver is a linear processor whose performance can he determined by measuring
the atmospheric noise spectra. However , with non—Uaussian noise , the pertorm —
ance with a linear process or can be much worse than is sugges ted by the noise
spectra. Furthermore , with an appropriate (nonlinear) processor , the perform-
ance can be much better than in Gaussian noise of the same spectral level. 1

To optimize a communications receiver for operation in a non—Gaussian
noi se env ironmen t , it is advisable to place a controlled nonlinearity in the
receiver at a stage of wide signal—plus—noise bandwidth to remove the high
ampli tude spikes. Evans and Grifflths 1 conducted experiments with recorded
ELF noise in an attempt to design and evaluate operationally feasible approxi-
mations to the optimum nonlinearity. They concluded that a simple clipper ,
adjusted adaptively to cli p be tween 10 and 40 percent of the time , prov ides
near optimum performance.

By comparing the 1 percent exceedance level (i.e., the amp l i tude exceed ed
by fewer than 1 percent of the samples) atmosp heric noise da ta from periods
when local thunders torms ~ere known to be absent with thcse taken when thunder--

~.torms ~ere present , Cinsberg’ sugges ted tha t a 10 dB irrprovemcnt in s ign~i1
to noise ratio (SNR) could be attained by employing the nonlinear noise pro-
cessing schemes proposed by Evans and Crifff ths.1

Recen t effec tive noise measuren,ents* have been made in Norway , Greece ,
and Saipan .3’~ These measurements indicated tha t at least a 10 dB improve-
ment could be obtained by employ ing nonl inear noise processing techniques .

*The effective noise spectrum level , N f f ’  is defined as the spec trum
level of ELF noise at the si gnal fr equency,ef~o, divided by the improvemen t ,
in SNK , using nonlinear processing.

-‘I -~
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in this report , we will discuss the results of 76 liz effective noi ’c
measurements taken in C o n n e c t i c u t  d u r i n g  the  sumner  and fal l cf P)76.

76 lIz (flNNI’Cl’ICUT EFFECTiVE NO] SE MEASURF2-IENTS

For t h e  (;oniw~ t i cti t nii isii remeiit s , th e  SE A F A R E R *  E l, F ’  reci I ver ( A N / B S R —  I
is I oca ted at NI SC , N ow London , Conn i s t i cut  . The ioop r e c e i v i n g  t enn ; i  is
loc.i t e ( at Fishers Island , Now York ( a b o u t  6.2 miles (1(1 km) I ro w N ow L o n d o n ) .
I l t  r o t ’ t i vi’ r and rec c i v !  ii g ant enn;l are 0000cc  ted via a mi c rowave i i Ilk t rem
F i sh or n  I s l a n d  to Nt SC/NL . The reoc i vi  ng a n t  onna is b a t  ed approx inn t ely
17 (1 ft I ~ ‘ m)  f r o m  a NI~~f building at F i s h e r s  I s l a n d , w h ic h h ouses t h e E l F
reamp l i i i  or and assoc i a t  i d  c i  rcu i t r y .

Daily 76 Hz field strength and effective noise measurements have been
taken in Connecticut (via the Fishers Island microwave link) since August
197€. The main purpose of these measurements is to further investigate sun-
rise , day ti me , sunset, nightt ime , and seasonal ELF propagation variations . A
secondary purpose Is to establish a midlatitude effective noise data base.
The results of the 76 Hz effective noise measurements ~‘ill be discussed here ;
tie field strength measurement rcEults will be discussed in a separate report.

C 4 ,,,,~~ 1 ~~~~~~ ~~~~~~ ~~~ 1Q 7 ~~ (~~-. -~,-~~~ .-~~- “ - ‘ 7~~ !!‘~— b - - —  - - -— a -— -— — -_ ’ _ - ’ -, ‘- “ - - - -  
~~

— — — ‘ —- “.“ ‘

t i~~ noise levels versus Greenwich Mean Time (CMT) ; the individual daily 30
minute samples are listed in table 1. Altogether , 16 days of da ta were
obtained. The average diurnal variation was 6 dB (—130 to —136 dBHt), with
t ile minimum occurring around local sunrise and the maximum occurring 1 to 2
hours before local sunset.

Plo tted in figure 2 are the 76 liz average effective noise levels for
t ie four highest Neff days in August (13—15 and 26 August) versus CMT.
Note that the minimum values were about the same as the monthly average ,

~diereas the maximum values were approxImately 5 dB higher than the monthly
average (see figure 1).

Thc 76 Hz e f f ec t ive noise levels measured durIng 15—16 July versus GMT
are plotted in figure 3. Here we see that the diurnal variation is -

~ 17 dB ,
which is the second largest diurnal variation measured to date in Connecticut !
The peak level ( -  —124 dBH) was about the same as was measured dur ing  the fou r
hi ghest days in August (figure 2); the minimum level (‘  —141 dBH ) was 5 dB
lower than the average August minimum level (figure 1) and also lower than any
‘0 minute sample measured during the whole 16 days in August (see table 1).

*SEAFARER (formerly called SANGUINE) is an arbitrary decignation applied
to ongoing ELF research by the U.S. Navy . The term designates work directed
toward the implementation of an ELF shore—to—ship rad io communication system.

~dBfl = dB relative to 1 A/rn

2
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l i - p  76 Hz a vor a g e  e f t o c t  lye noise levels measur ed Scpten ’l)er  ver su s  (‘
~,)~‘F

. i i c  p r esen ted  in f i g u r e  4 • and the  Indiv idual  da i l y 30 m i n u t e  sainpl i is -Ire
l i ~~t t _ ’d in t a b l e  ~~~. A l t o g e t h e r , 22 days of data were ob t a ined . Tile Pv er a~’, t ’
d i u r n a l  v a r i a t i o n  was 5 dE ( — 2  Th to —140 dliii ), with the nlnimfl r ,I o c cu r r i n g
ar o u n d local  sur i r I so and t I e  maxlr ’um o c c u r r i n g  I to 2 hours  i l l - f o r e  loca l
SIIflSCt . ~n te t h a t  t i c  maximum average levels  measured  d u r i n g  ~vptemI’er ~c re
appro ~ ‘,r , f : t t p l ’,’ t h e  same as the  m i n i m u m  average levels  measured in A l f ? l l r . t  ( f e , .

f i g o r i ’ 1 ).

P l o t te d  in f i g u r e  5 are  the  76 liz e f f e c t i v e  noise levels measured  dIl ri r II
2~ Ser tember versus CM’i . Pere we see that the diurnal  v ar i a t i o n  i,; ( ‘1 tE e
orde t  of 13 dB , w i t h  v a r i a t i o n s  f rom —l’fl dIl l’ ( t he  h ighes t  level measured in
~‘eptemi )eI ’) to —144 dill! ( t h e  lowest level measured in S e p t e m b e r ) .

The 76 lIz aver,,~t~’ i f  f ct i ve  noise levels measured during October v er n ’~:;
C~ T ai. e presented in fi1~ure 6, and the Individual 30 minute samples are listed
in table 3. Altogether , 26 days of data were obtained. Tile average diurnal
variation was 5 dF. (—l3(. to —141 dBH). Again the minimum and maximum
occurred , respectivel y, around local sunrise and just before local sunset.
Note that the October Ne f f  levels were very similar to those measured during

~~p t c~mber ( f i g u r e  4 ) .

Figure 7 presents the 76 Hz effective noise levels measured versus CMT
,.4 . . 4 .~~. 1/, ~~~~~~~~~~~~~ ‘rI . , l : , . _ . 1  ~~~~~~~~~~~~~~~~~~~~~~ ft,- .—, I f ~ ~~~~~~~~~~~~~~ .-.4’~ 1” 

atior .s  iron) — 132 to —142 cffll .

T h e  76 Hz e f f e c t i v e  no i se l eve l s  measured  dur ing  9—10 October versus Cl~T
are presented in figure 5 . I t  should he noted tha t  there were severe thun—
der~ torr1i warnings , as well as a tornado watch for the local area during that
ti re . The e f f e c t i v e  noise measured  f r om  0000 to 1200 CI~T was very near the
month l y average.  However , f rom ~20C to 1900 , the ef fec tive noise increased
20 di .~ The d iurnal variation was 23 dB (—118 to -141 dBli), wh ich is the
largest diurnal variat on nlcasured to date at any receiving location ! The
eak level (—118 dBfl) was 7 dB higher than that measured during the four

h ighes t Neff days in Aui’ust (se€ figure 2). Perhaps the abnormally high
level s measured from 1600 to 2100 are related to tornado activity.

i lotted in figure 9 are the 76 Hz average effective noise levels
measured dur ing November versus CMT; the ind ividual 30 minute samples are
listed in table 4. Altogether 22 days of data were obtained. The average
diurnal variation was only 3 dB (—138 to —141 dBH), which is 2 to 3 dB less
than that measured during August , Sep tember , and October. However , the maxi-
mum and minimum levels occurred at the same time as in previous months (i.e.,
around local sunrise and sunset).

The 76 Hz average effectiv e noise levels measured during the fall ol
1~i’l - (i.e., Sep tember , Oc tober , and November) versus GNT are plotted in f igure
1G. Each da ta point 1 5 ’ the avera~’e of 74 days worth of measurements. The
average diurnal variation is approslmately 5 dB (-136 to —141 dBH), with the
mi nimum levels occurring around local sunrise and the maximum levels occurrin~,
1 to 2 hours beH’re local sunset.

It shituil d he noted t hat I rom lat e November to mid .lanuarv , a fauIt~’ h e a t e r  motor
be .trin ~ (located i n  t I , t ’  N 1)SC h u l  Idi u g It F i she&’rt ; Island , w h i c h  houses the  ELF

R e v e r s e  Blank
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( c on t a m i na t e d )  u f t t c t l v e  nt ’ISC f r c t r :  late November to urtid—Janu ary was — 13R to
—1 41/  dTiI! , w it i. l i t t  1€’ or no diurnal vari,’ t t  on.

However , f r om 17 t o  27 J~iriuary 1977 , t ile 49 and 71 lIz interference l evel s
dec re;ist’d cons i derabl\ . “ i c  76 ave r  1)1,0 e f f e c t  ivc u ”o i se  levels measured dur—

1 1 1 . 1  t h i s  p t ’ r i o d  ~~~~~~~~~ “Ii :i~ ’~ p lot  It ’d in f i f 7 u r ’  I . As t ’xp t ’t ’t&’d , tilt’ m i n im u m

1( ’\ ’ , ’ l s  ,‘,‘ ,‘ ) I r t ’ ,’d ;I7’tt)),)d It ~,si I sun r i’ - .,’ . llow i’vt ’ r . t i t , ’  max i m u m  L’v&’ l ‘; ~t , ’ t - t i r r , ’ t l
d)l r 711’ , TflO f’ I t I ’ t l i t ,’ I ‘ ‘ t  ii d ; tv t  ~fl1~ ’ 

~
‘ t ’  r i td ( 1  . t ’ . , t rt t nt I 11) 1) t ‘ t  22 ( ) ( )  , ~~ 

- — 14.’,
‘)  ef i~+ / 1 .7 dBll . I’ t i r t :  f , ’l’si ’ ’rt’ , ti ~’’ ,iv~ - r , i~ ’~ ( 1 1 1 : 7 1 7 . 1 1  v : ir l . lt  ion W I — i  only  .. . t.iB (—1- ~’~

t , ’ — 1 - ” / ’ .’ ~IIliI) :is ‘ ‘ t tm l~:ir’~ ’ ,i w i t h  t I~ 
‘
~ (1k ‘ i t ’ , st i r & ’~1 d u r i n g  t l,t ’  . 3 1 1  1 ) 1  19 76 (s , ,.,

I i glu t ’ 10 )

DISCUSS ION

The median  level  of 76 lIz effective noise level treasured in Greece (which
is about the same l a t i t u d e  as Connecticut) and Salpan (which is at a lower
latitude) during 10 days in ~ay 1972 wis - -142 dBH .3 Referr ing to figure
10, we see tI.at the median level of Neff measured in Connecticut during the
fall (f i976 was —139 dBII . Previous measuren.ents of N 0 in Malta and
Guam ” indicated tl.at the median level c-f N0 was - 3 dB lower in the spring
than in the fall. Recent measurer,~ents in Connecticut indicate that Ncff 15
also 3 dB lower in the spring than iii the fall. Thus, it appears that the
fall Connecticut 

~
1cff rleasurements are in good agreement with the spring

Saipan and Greece measurements.

The median level of t1eff treasured in Connecticut during 16 day s in
August was —134 dBlt (see figure 1), which is 5 dB higher than tile median
level measured ip ti.e fall. ~i~i:~~; is consistent with the ~~~~ data taken in
Norway by Eavis and Meyers .”4 Their results indicate that the summertime
effective noise was; (‘ to  10 dl ’. h ig her than at other times of the year.

During 11 (lays in January 1977, the (possibly c o n t am i n a t e d )  median level
01 the Connecticut ~~~~ wai- —145 dBU , which is - 11 dB lower than the
median level of Neff measured during tI.c summer. This is also consistent
wi th the Davis and 1’eyer Norwa , results ,” where the difference between the
suum~er and win ter Neff levels was 10 dB.

As an example of th e la titu de dependence of ELF effec tive noise , the
difference between tl~c median l evel s of effective noise measured irs Connecticut
(atidla titude) and Norway (i’s rthiern latitude) was 5 to 6 dB in both tile
summer and winter and approximately 10 dI~ in the fall.

CONCLUS IONS

Since August 19Th , 76 Hz t ’ttectfv c noise measurements have been taken
in Connec ticut. The FlY nonlinear processing receiver , loca ted in New London ,
Connec ticut , is connected to the receivin g loc~. an tenna , l ocated at FlEil ers
Island , New York , via a microwave l ink.

The median level of’ the measured effective noise was — 134 dBH during
the summer , — —139 dBH in the tall , and ‘- —145 dBH in the winter. The average

13
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di urnal v,irlat ion ~as 3 to 6 dB , a l t h o u l l l  ‘I iu r ’ n a l  ‘.‘ar i ; i t  i ons  r l  13 to 23 dl’
were observed on three scpi~rate or U, ,, c ’t s . ‘I’h e rn i i :  i r;oo Va I ti~ ‘; c f  N e f f  were
r.(’:ts)I rt (1 ,,t’otip ,d IC t a  I s u u n r  l o t ’ , ar d t he  max Imuir val t i t s t.’e it’ us., a ~ . i t  red I to 1

‘ur s  be f o r t ’  ic-ca I s~:;t ,;t’ t

T h e  h ighes t  l e v e ls  ol N e f f  mea sur ed  wer e — 1 1 8  d u b  (on ( c t o h e r )  ;tnd

— 1 2 1 k  to —126 dliii (on 1, 5 July and 11— 15 and 26 August); t h e 1 (IVe’st level i f
Nt,~f f  measured ,,tr : — 1L~8 dilil (on ‘25 January 1972).

Based on the limited ar..’nsnt of 1
~eff 

measurement): tat- cs in Connecticut
to date , it appears that there are definite midlat i tede sea~,~ n :uI rind d i u r n a l
:arjatjons in ELF effective noise levels. Comparing the Connecticut datr’ sith
data taken in No~~ a~ indicates that FTF effective noise is alse latitude
de l ’ & ’nd t ’ f l  t

I .1
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