Between the Atmospherics
by Grote Reber

'

Examination is made of the residual intensity
of energy received between the atmospherice at a
frequency of 520 KC,

The nature of the junction between the earth's and
sun's atmosphere, and the manner in which an electromagnetic
wave travele through an overdense ionosphere are briefly
described. The way in which an ionspheric shutter
opens and closee is explained plus examples shown and
reduced, A celestial component 1s found at declination
<« , which hae a maximum at 2200 RA and a minimum at
0700 RA. The maximum intensity is 4+10°-C jansky
per steradian, Unexpected variations at night may be
due to auroral particles of low energy. Heak-iadustrial

. Manifestations

of atrong precipitation ntatic and local atmospheries
are described, jjf“” N-L"W“aﬂw Alrint ”‘“’M o /FSKE.
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INTRODUCTION,

Atmospheries have been atudied for more than half a century

in a wide variety of manners. However, the short periocds of time
between the atmospherics seem to have been overlooked, When these

are investigated a number of interesting phenomena are encountered,

Cmni:{lc.’ltn"fat't;:‘.:o‘.na ;_v(as first given to making low frequency
observat ions ,early in 1953. A considerable number of listening
tests were made in Hawaiil and it became obvious that if any
suocesq‘mre possible it would be necessary to delete the
atmospherics and measure only the spaces between the atmospheries.
Using high speed instruments this appeared to be hopeful,
The problem of getting a ray of cosmiec statiec through
an overdense ionosphere looked much less promising as only
one vague auggestion could be found in the literaturoi. In
the meantime 4 M that the values of faF2 “Z:(WL
low and remained low most of the night at Hobart, Thus I
R4 decidegﬁo lsz /gm initial try at Hobart using ocmlg O vt
sae p;o?ggatién?a ﬂt‘:;;csw seemed fairly certaln., Sueccess was
immediately had at & and soon at somewhat lower frequenciesa‘,
However, the situation at 520 Ke showed that this was below
what could be reasonably expected to produce satisfactory
results even near solar activity minimum using O mode- propagation,
Critical examination of the records made it clear that there
was still a smooth background at night below the atmospheriecs
but still far above the day level, This packground was controlled
by D region absorption at% and%. Further, the
background sloped considerable downward during the early morning
hours ‘M.&w the % records were doing the
same thing. The symptoms looked interesting and peculiarly
suspicious like cosmic static might be coming throﬁat 520 ;Ic

I Zoold
in some manner other than O mode. One of thigse r&eordingunh’\’

shown in figure % R X% ,lv’\ e T Lotz 4o /4'J4J/ 1755.“2

Ontthe basis of these hints I decided to come 'baok again

As-
Aan# have another try. To make significant progress it would

be necessary to find a better place and incorporate some direction
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SPACE SURROU G

Interplanetary space has a material density far greater than
interstellar space., Thus the atmosphere of the sun may be thought
of as extading throughout the solar system and merging with the
zodiacal light. The pressure of light from the sun will exceed that
of gravity for molecular size particlu, Consequently there 1is
probably a general movement of such material outward from the sun,
This tengous gas is bélieved to be completely ilonized but the
number of free electrons is probably a very small part of the total

number of ions,
" The earth will act as an obstacle to this nutward movement

and cause the material to flow around it in a shape similar to a
rain drop with the tail pointed in the direction of midnight.
Figure } shows a variety of conditionss The material inside the
drop may be considered part of the earthsatmosphere, while the
material outside the drop belongs to the solar atmosphere,

The size and shape of the drop will depend upon solar
activity both on a long and short time basiss When solar activity
is low the solar atmosphere become= more tenuous. The drop will
expand and become symmetrical as the earth's atmosphere extends
farther from the planet as shown  in figure Ja. Increasing solar
activity will cause the drop to contract as shown in figure Jbe
When the drop becomes small the cross component of the earth's
magnetic field becomes effectives This drags some of the
material from the sunset side of the earth around to the rear
of the earth and causes the drop to become unsymmetrical with
the tail pointed toward morning as shown in figure Je., Figure
24 1s an exaggerated example of this condition,



mcmommr;_c WAVES IN THE IONOSPHERE,

An electromagnetic wave may travel through an ionized medium

of manners The two of interest here are the
%:gdgngly‘i?:;%nwerse or 5 mode and the extraordinary longtitudinal

or ¥ :‘nodof The O wave can travel only in an underdense region
where the eritieal frequency is less than the observing frequency
fo < fo The Y wave can travel only in an overdense region where
where f° > L Bnorg} may transfer from one mode to the other

at the boundary where f, = f provided that this region is large
enough for the eleetric fields of the two modes to be coincident

aaMCL‘

over a significant w 4 Very-ehary .gpadiewt

withe coupling.regiens The lower
ing level wﬂldwat'thp« base of the E region by day m""‘?{ A

An electromagnetic wave travelling though a medium containing
free electrons in a magnetic field will cause the electrons to
move in _pathss The magnetic field of the earth becomes

Y anblaie

weaker farther out. Thus at some level the free electrons will

be in resonance with the exeiting wave. This level is the .
gyrolevel where th = e - the gyrolevel the Y wave will encounter |
a refractive index of 1nf1n1ty3 and be totally absorbed. On the
‘other % m gyrolevel will not have any Ma.uo effect upon
direction. Consequently & wppe® shutter exists which may open

or close depending upon whether or not the cupper coupling level

Ot LA L QAN trn.
ondats below or above the gyrolevel, At a-’ observing

cation 6n the earth the gyrolevel will

levelmay move higher or lower deperding upon the size and shape

of the drop surrounding the earth.’

D reglons This fyp'. » is closed during the day and open during
‘ the night, The effect may easily be seen on the records as rises
k , o et and falls near sunrise, Such changes are quite




NOTE,

The extraordinary longitudinal mode,I' denote by the
letter Y throughcout the discuseion. This is in line with
the common practice of denoting the ordinary longitudinal
mode by the letter Z; In some recent papers the Y mode
has been merely called the extraordinary or more poorly the
X mode. This is unfortunate as the letter X has, by long

usage, been used to denote the extraordinary transverse mode

above the gyro freguency. The Y mode sen=cnly-exiet—in-an
everdense-medbams=—=38 cannot produce an echo on an ionosphere
st o
Apachine because the echo level of #gee refractive index occurs
above the absorption level of infinite refractive index.

I hereby suggest that the extraordinary transverse mode
below the gyro frequency be denoted by the letter W, because
its characteristics are quite different from the common X mode.
The cusp frequency is independent of the ordinary tLransverse
or O mode cusp frequency when ro > \/5 rh. Also inthe region
Ly > fh/ﬁltha f, cusp is always sharp and clear even
on recordings showing great spread on the O and X cusps.

Thus the W echo must return from a very small region in the

ionosphere, similar toc the Z echo. This direction is

Z
probably to the south at Hobart, Furthermore, when f <2 £,

it seems probablg that a ray of cosmic static might get through
the ionosphere in the frequency range f, > f > fwe These aw
both matters worthy of future study.
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UBMSR SHUTTER OPENS AND CLOSES,
Nearly ‘eont:lnuoua records at a frequency of 520 kilocycles

M ayy

were secured rro"é,\a st 1956 &s 3ame 1957, Due to sharply

rising solar activity the circumstances of figure }a were rarely
encountered., An example may be seem in figure . Here the

e shuiter was open from before sunset to after sunrise,

The abrupt rise in base level coincident with t he appearance

of atmospherics near sunset 1ndicatoa the removal of D region absorp-
tion or the opening of the bottom ‘“ It closes with reverse
mnirostntiom near sunrise, ’PTh
oomon3 As=eapmple 2s shown in 2a. Near sunset the D region
absroption disappearu and atms/gh ies ,[%w. . However, the .l

ot X sa Lol ULM...- 7 A4 x/.uau

* shutte% op s and 1ets in %selaatiﬂ energy which reaches

e situation of figure }b "is more

a maximam near midnight., Then the wegms shutter gradually
closes with a fall a*—'the baseline toward sunrise when D region
absroption again sets in and the atmospherics disappear. This
gradual rise and fall from sunset to sunrise centered on midnight
is a fundamental characteristiec of the phenomenon, which could
be found on t he majority of the records secured.

The situation of figure Je-is shown in tLa different amounts
by figures 3b,c,d. . The uppes shutter stayed clcosed most of
the night al}d partially opened only a short time after midnight.

The situation in figure Jd 1s shown in figure Ze where the
base line is straight 2ll night., This indicates the wwme shutter

did not open at all,
The records of figures Ao, ¢ A have been reduced to relative

intensity versus time and the results are plotted in figures Ju,Av,c,JA‘
animie, Indl cases there is & rapid, smooth rise and fall of
1.ntensi Yy over great ranges which is g sure@ﬁ.gn of change in the

- ’:hntter and allows all such records i;o be deleted from those

where the shutter remains open.



8 REMAINS OPEN

About three dozen records were secured where the uppese
| shutter remained open for a period of four hours or longers These
all showed a smooth base line which was high compared to the
daytime level plus an abrupt rise at sunset or fall at sunrise
o;- bothe During the open period the base line usually had a

smpoth variation over moderate rangea.'e The data on these records “
!
(-

|

/

,wa‘: reduced to & common level and plotted against sidereal time,
The results are shown in figure 53 ! .éome of th; éecordingé are :
| ‘shown in figure &
The major maxinmm is near 2200 RA, Then a slight fall to

; 0000 RAj ?ollu!;d by a near flat level to 0200 RA, A second
minér maximum probably exists near O4O0C RA; followed by a sbeep
fall to a minimum of 0700 RA., Then a slow rise sets in with the
intensity gradually building back up to the maximum near 2200 RA,

Both the maximum at 2200 RA and the minimum at 0700 RA are
shifted somewhat to the westward compared to similar f?la.t‘ua taken
at 2/30 ke« These features of the Z/3( jc. data are also
somewhat to the westward of simllar features on data taken at

still higher frequencies, Thus.it appears that there is a change
in position of the apparant galactic plane which progressively

increases as the frequency is decroased,

Current popular ideas suggest that the low frequency radiation
originates in a region of the galaxy fairly close to the sun
while cosmic static at meter waves peohmialky orlginates at
much greater distances, Thus it seems quite likely that the loecal
region which produces cosmic static at kilometer waves may be at
a marked angle to the plane of the entire milkyway systems

The great ratio of intensity from mnximnm at 2200 RA to

naults ot 30 K., St ia uutmufu,u m:L o7t <
minimum at 0700 RA is an unexpected .fenture when compared to Amuch

A Couf st —f(%’?‘ég *I3g k&
better resolution at 520 kC d“? at which frequency
WOl X “i 4
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LOCATION AND SIZE OF SHUTTER,

i

The connections of the various antennas may be
changed to produce a variety of nulls, These are shown
in figure 6 plotted 1h terms of amplitude squared., Thus
intensity is proportional to the area under the curve,
The sharp computéd nulls are not available in practice
because the various impedances cannot be zegectly equalised.
However, by attention to detail, ﬁt‘:m%a can be made to
appear at the receiver within three percent or less of
one anothers Thus minimums of about one tenth percent in
power may be achieved. This accuracy is still insufficient
to take advantage of the sharpest null. Further limitations

are introduced by the large varying component of the energy

frequently encountera‘.

By selecting gquiet circumstances it is clear that

the radiant )'by whﬁg‘%‘?,z‘ ;‘z‘:‘;igy is arr:lvi,ng;)is definitely
between 350 and ﬁ yWith an estimated centre around J)O.
This refere to the steady c;eleatial component previously
discussed. Figure Qf shows a record taken with the broad
null at 3’0. It ie much the same as one iaken when the
ghutter was closed as in figure Je. The angle is about what
might be expected if the upper coupling level is at B000 km.
with a magnetic dip of 72° at ground level in Hobart.

&supprose the éoemic statig by a factor of 103 or
greater the shutter must be three degrees or less in horth-

south direction when open. No information is available
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on the east-west extent of the shutter, It‘be

a long slit; but this seems unlikely., Most probably
the shutter is nearly circular, Hobart is 43 degrees
south so th&t radiant ies in the direction of - 6 degrees
declination. How much bending the ray will encounter
from space down to the upper coupling level is not knownj;
but is probably only on the order of a few degrees,
Increasing the cbserving frequency will move the radiant

further north and vice versa,



INTENSITY,

The mgximum intensity at 2200 RA may be estimated in the
following manners:=-

The antenna extracts energy from the wavefront over
an area approximately 3000 ft. east-west by 4000 ft. north-
south equal to l.l square kilometers. Area, A = 1.10106 gquare
meters,

Lose in ground, steel antenna wire and tuner box each
1 DB plus 3 DB in buried cable for a total loss is 6 DB,
System efficiency, {-‘3 = 0,25,

The energy arriving in wavefront above antenna ies via
O mode only,so0 a correction factor of two is needed to cover
the Wmogg:w“;%igﬁﬁ:;‘mot penetrate the ionosphere,
The antenna is suaeeptiﬁle only to east-west polarized energy,
80 a further correction factor of two is needed to cover the
north south components of a réndom polarized wavefront.
Propagation factor, Fp = 4o0,

The receiver bandwidth is six kilocycles, Af = 60103 CpBe

The four buried coaxial lines in parallel present an
apparant antenna radiation resicstance of 12,5 ohms at input
to receiver, which is closely matched for maximum energy
transfer giving, Ra = 12,5 ohms,

The maximum apparant induced voltage caused by cosmic
static at 2200 RA, in series with R is 0.65 microvolt,

6

E,6 = 0.65°10"° volt.
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The apparant antenna power is thus
E° F

P, = FE—éP— = 0, 54+10™ 12 nttf.

S e
~The size of the prepmmatiomholevimpepion-al-tpper
%robahly about three degrees in diameter.
Sky area, QJ - 2.l-;p’3 steradian,
The maximum surface brightness of the galaxy at 520 K¢
near 2200 RA and '160 declination averaged over 2.1+107
steradian becomes I8 = ;q z""w = 3.9'1!'.)'20 jansky/steradian, J -"‘f-“cl
The error may eagily be a factor of two but rather unlikely
a factor of ten.
If the surface brightness 1s averaged over a large area,
such as a steradian.'the value of IB will probably drop by
a factor of two or more,

Recent examination of the data taken at 2130 Kec during
winter of 1955 indicates that a better value of maximum intensity
is 1.5 = 0.3-10-19 Jansky per .steradian, when averaged over
an area of 1,2 steradians near 1900 RA and -43° declination.
While this position is scmewhat dirferént from that quoted for
520 Ke it i:::g::ins that the surface brightness of the galaxy

is decreasing with frequencye.






DAYTIME BACKGROUND
~wd

“ The daytime level is considerably above the

amount expected from D reg(:loﬁ'(a#a’g;ﬁ};o(ﬁoj’,\k Lch\;ra'(c’%l;rfzistiw ki
dailyvariation is present which begins as a minimum about an
hour after sunrise, Then a gradual emooth increase sets in 4,
whi;ah reaches & maximum in"the afternoon. This is followed by
a slow deeline all night long to the next minimum after

Sae. Fﬂ‘i’ﬁlflae /f‘
sunrise, A The minimim follows the sunrise time closely

throughout the year, However the maximum changes its position > \

with the seasons. In winter the maximum occurs after sunset l.
and ean only be seen o omional records whére the usper shutte; E
romains closed and aupowsi disturbances are absent. With

the coming of apripg tihe maximum moves forward in time and abo
the verjyal equinox it may be usually seen an hour or so before
sunsot., It continues to move forward and reaches about 2 pem, |
at the summer solstice. There after it moves backward and A

merges with the night record shortly after the autumnal

equinox. R s - e N
el alaii pe
~ Direction finding testé ahowathis energy
be iving from the south at an angle of 15 degreed or less ;*

from ! _ heri.lan. The southern end of the valley is blogked
by a riago about 9 degrees high, Listering diselomﬁ\& i
sounds to be roygh grinding and spsrfing yoises with strong 3 %
50 and 106 eycle components. viousf%%ls background is |

}nduntrul disturbances

™
merated in Hobart about 30 miles e

n air of the country
ons thajy the

Fortnnatoly, when the antonnu look upward there is .
&t low angles. Thus even at the galactie '
ﬂqm of ecosmic static is well above Eih

‘backgroundj see figure -, OQbviously, mere

BD e BB



PRECIPITATION STATIC mi M//uua;
o <3 !

Tasmania has a maritime elimate. Thus violent thunderstorms

with blinding displaye of lightning are unknown, The prevailing
winds are from the-ag;ih west and sharp cold fronts bring
intense examples of precipitation statie, particularly in the
winter, This energy does not seem to radiate many miles out

of the front but is exceedingly intense when directly overhead.
In a few instances enough radio frequené?ﬁggda bandwidth of 30Ke
was extracted to cause the input tuning condenser at the receiver
to flash over, Such displaysonly last ten minutes or less;
however, they are quite new to me., I suggest that some similar
disturbances in the atmésphere of Jupiter may account for the
peculiar transients emitted from time to time on that planet.
Listening to more moderate examples discloses a slowly varying
frying noise, often having squeals and screeches of several
seconds duration. These sounds usually ascend in piteh and

may rise from below audible pitch in the general frying up to
above audible pitehs Often they gain coherence and become

purer as they persist and end as a whistle. Perhaps they

are due to sheets of rain intersectinge

Four recordings were secured similar to figures .  fE——
AL in all cases a moderate local thunder storm -
was found to be in progress somewhere over Tasmania,
Rxamination* of figure R g shows that even during local
electrical storms there occur short intervals when the
snepping mq‘montarily abates and the pen finds ite way
to the celestial background level, A statistical
investigation of these matters might provide new information
about electrical storms,. The apparatus seems well able

to cope with normal distant atmospherics,



FPLUCTUATIONS, SWELLS AND RIPPLES,

The majority of the recordings show different amounts
of high variable background. This is an unexpected and
disconcerting discovery compared to the situation during
winter of 1955 wﬁ;n the recordings were mainly quite
emoothe Abput half of the records with high background
showed more or less coherence varying from long swells

. to short ripples. Selected samples are shown in figure .
It has been suggested bs 51 ¢nat auroral and-aeemtc
Si¥ particles might produce radioc frequency radiation by
the Cherenkov effect when travelling through regions of

high refractive index. The cosmic rays may be~eliminieted

sqlar.actiwity €y€le., No visible aurora oceurrjea in
Tasmania or Australia on any of the nights shown in figuro".

The 520 KC records taken during several minor displays
showed the usual weak to moderate irregular swells,; but
nothing to distingiush these nighte particularly.

One 24th February, 2nd and 10th Iarchrgreat auroraz
displays occured with bright arce and rays high overhead
and to the north of Tasmania. These displays were
alsc seen in Victoria and South Australia, On all three
nights the 520 KC equipment recorded steady smooth day
time level until the guroral display was over. Apparantly
intense displays in the direction of the lower coupling
1elvel cause abnormal D region absroption at night,
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It is clear that the suroral particles which produce
the visible displays are not important in producing
520 KC radiation. This is probably because thelr auwlix i Zyp-

Liazx—de-of trrr-lousdensitys ~aw04(

,

It may well be that the earth ie flooded with low

7/

energy particles incapable of producing a vieible aurora.
During 1955 the upper coupling level was far below

the gyro level so that no regions of high refractive
index were effective. During 1956 and 1957 the increase
in solar activity seemsto now cause the upper coupling
level to hover around the gyro level and its assoclated
very high index of refraction. TThus’thcae low energy
partlolea)ihich may always be present, are now effective
in producing 520 KC radiation. Such was not so in 1955,
Itw as if these unknown particles get bunched by a

process similar to that in a klystron tube. This may
account for the regular features of figure J. The
fourth trace is particularly interesting as the amplitude
builds up over several hours until cutoff at dawn,

Thie high variable background also arrives from
north of the zenithe The radiant is quite difficult
to mearure, However, the best estimate indicates a
pateh 10° to 15° in dlameter with a center somewhere ol
@bwese. 30° north of the zenith., The intensity ==
raQely exceeds ten times that of the cosmie ctatic near 2200 RA M




=— ;s measured on the mcamng-. I.uteuing discloses uonnan

L@ which are typical of a smooth centinuv.. ol I 18 *"fib : -A;

however, is much smoother along the base and tends toward
pointed instead of rounded tops. Iont important, it
_passes acrossg & gsunset or sunrise tl'no with no discontinuity
. mu-;m. in an att;:u;;;dxtom during the -
day, even at noon, & couple of long term oxnmplen show
oo At gradually weaken .
from noon to d:i; | A

i atbmad, =
tested all showed the source to be high, i hf up,
in the south,
with intsnze &3 of moderately distaunt precicitation
stetie. It 4m generated well below the D region .amff it
is only weakly influenced by such absorption durinx 1tn

Lfatening | déaclouu a' m

this dirturbance is a=- cistead
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precivitation static. It seeme to be generated well below the
D region as it is only weakly influenced by such absorption

during its travel to the observer,

-

OTHER OBSERVATIONS

During June, July, and August 1957 records were secured at
143ke. The results confirm the above in a general way. D region

absorption is markedly less ,and—fluetuations—more-rare—ami—wenker.
He—better correllation between-fluctugaiions and the visible—surora

5 : 300%bs. The

daytime sky is bpright all over but usually brightest north of the

a
zenith., . Thus sl of the night time energy is probably leaking

thru during the day. Tha sounds are characteristic smooth thermal
ik Sl

hiss,. {0n some days the bright northern patch may dissppear in f
a period of 3 houre, leaving a uniformly 111nm1nated Bkye.| Man

made 1nterferenee appears weaker, probably because of the poorer

radiat}ng ability of the various electrical appliances.
-It_appears-well worth while to continue thése studies at

higher and lower-frequencies and-at-two or more-frequencies

eimul taneously and at other places.such-ae Port Davey, Tasmaniaj;
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T memoamo

A north-south valley containing very few trees was selected
about 30 miles north of Hobart, Four steel wires each about
3/h mile long were strung across the valley ju-en-esetsswetl

/
dirsction. ThSewisesssmmsaphsss about P8 feet apari Jemes
mh. The antennas consist of the near centre

2200 feet of each wire, This working Fm't is 300 feet above the
bottom of the nllai at the centre and sbout 200 feet at the

ends, The R0 Teet-section-4e-broken at-the-centre-and
A tuned down lead Wm

(& IS

| - goes from the m to a tuning box on a post directly

belowe A 50 ohm coaxial line from each tuner box to the building,
which is in the centre of the array, is buried a few inches

in the ground for protection from sheep and cattle, -SEE

— - = = " s
“» Phase adjustment between the various antennas is made

7 . with a vqutror patch cordse
The electronic equipmnt uses entirely l.4 volt tubes,

Il

imgeeting /A minimum reading cireult between the receiver and the
recor«;or S=RUeetwpfthe—obeervations deseribed heléw were taken
wotd la
a downward time of 0,05 second from full to zero secale and
an upward time of 5 seconds from zero to full scale., Thus the
height of the marks ,above the minimum are a measure of the

porslatomo and notAstrength of the atmophcriu. m

—-

eorder is ‘clock driven by the works of an xatornm-Anm -
l instrument. A speed of 2-3/8" of chart paper per hour has been
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