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1. INTRODUCTION

The relatlonshlp bet..een"good" hagh-Iatllude or trans-polar medlum ..ave
OX opemngs and "quIet" Earth geomagnet": held actavaty has Oeen
postulated. debated and dlscussed over the last 25 years an the medaum ..ave
DX bulletIns (e.g.. Nelson (1909-771. Scramgeour (196BI and othersl. DXer's
have faathfully Ilstened to the WWV broadcasts of A Inde. and solar flu. ln
hopes of fandang that rare DX opportunity. The tables or plots of the 'A
lnde. have been publ,shed regularly an the OX bulletans. The promase of the
"ne.t sunspot mlnlmum" has been held out each decade to OXers as a "golden
age" of good hagh-Iatltude OX.

In order to help OXers understand the relataonshaps of the sun, the
geomagnetac fIeld and hagh-Iatltude OX, thas artacle ..allcover some of the
baS1C geophysIcal phenomena, the records for the past 30 years, and a
prOjectIon of ..hat..ecan e.pect In the ne.t year or ten.

Thas ",11 not be a comprehensave study of the geophyslcal phenomena. but
..,11onlv address the general characterastacs. If more detaal lS desared by
the reader. the lasted references can be reva...ed. Ratcllffe's ~YD~_~!Cl~
!Q~,,8o!d!<1119701 '" an e.cellent lntroductory book. ..hlleRlshbeth and
Garrlott's ln~cod~£~!QD ~o_IQQQ~p~~Ci'_~bY~!'~ (1969) provades a more
detaaled dlSCUSSlon of the lonospheric processes. Davaes (1965),
Xqnq~Rb~~t~_~o!~!OeCdP~9~~!9D~ as an e.cellent technacal book, A layman's
descraptaon of solar phenomena. the Earth's magnetac fIeld and basac
aonospherlc processes can be found ln encyclopedaae and other general
phYS1CS reference ..orks.The best avaalable detaals of the effects of the
auroral zone and geomagnetac actlvaty on medaum wave OX are found an the
Nelson 11969-77) artacles.

Most of the statements, ideas and figures in thlS artlcle have come from
the reference materaal.

2. SOLAR ACTIVITY

The sunproducesa prodaglousamountof energyovera wlderangeof
wavelengths. The most amportant ..avelengthsin the radaation spectrum are
those of hydrogen alpha, Lyman alpha, and helium. This energy provades the
light and heat requlred for the Earth to sustain life. Some of the energy
producedby the sun is ln the form of an unsteadystreamof charged
particles, mostly protons and electrons, fro..the sun's corona along lines
from the sun's magnetIc fleld, called the .solar ..ind". ThlS stream of
particles varIes ..ath tame, both short-terM (minutes or hoursl and long-term
(year-by-yearl. The solar wlnd travels away from the sun at speeds of 300
to 1000 kilometers per second.

The sun's energy output as remarkably constant. varylng by no more than
a fe..tenths of one percent over several days. &ut varaations an the energy
output e"st. Atmospherac dIsturbances on the sun. such as sunspots. result
an addltlonalenergyreleasean the form of electro-magnetic..avesat
certaIn ..avelengths. An Intense local magnetac field on the sun 15
assocaated "'th sunspots, creatang anomalles in the sun's magnetlc fleld
characten stiC".

"Solarflares"areburstsof energy,usuallyat thehydrogenalpha
..avelengthbut often includang X-rays and cosmac rays, that are usually
associated ..ath sunspots, are short-lived, and vary an strength and
'frequencyof occurrence. High energypartlclescan travelat nearlythe
speed of light, reaching the Earth in about eight minutes.
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The sun has a rotation perIod
tnp sun's magnetlc fIeld, sunspot
tend to repeat In 27 dav cycles,
after a pnvslclst ..ho defIned the
magnetIc fIeld condItIons related

of appro"matelv27 days.so varlatlDnsIn
number. solar wand and energetlc partIcles
These cycles are called &artels cvcles
peraodto trac>tImesof unsettleD
to the solar rotatlon peraod.

UntIl the nIneteenth century. the only measure of solar actlvltv ..as the
number of sunspots observed on the face of tne sun bv astronomers and solar
phvSIC1StS. Fagure I sho"s the h:storlcal record of average monthly sunspot
number from 1700 to the present, The data ,ndlcates that there lS an
appro"mate eleven year peraod bet..een sunspot mlnlma.' !he actual sunspot
cycle lS 22 years. ..hen account 15 taken of the alternataon of the magnetIC
polarltvof the sun, There ,~ also some evldence of an 90 year cycle In the
maximum sunspot number. Tne Increase from the mlnamu~ sunspot number to lne
ma'"mum a.erages about 5 years. The maxlmum sunspot nuOlbervarIes from
cvcle-lo-cycle. ",th the hIghest mean value ever recorded ln,tne mId-1950's,
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The solar energy output IS monltored in many ways by physacasts allover
the Earth. The Natlonal OceanIc and Atmospherlc Admlnlstratlon. centered ln
Boulder, Colorado gathers lnformatlon on a regular baS1S and produces a
wealthof data.Measurementsof the dally solar lndlcesof relatlvesunspot
number and =BOO Mh; solar flu.. solar radIo waves, solar wlnd. solar
magnetac fleld. etc. are collected and publashed on a monthly and yearly
basIs br NOAA.

3. EARTH'S GEOMAGNETICFIELD

The Earth is surroundeO by a magnetlc fleld, "ithln whlCh lt behaves as
If at ..erea ball of magnetlzeo lron wIth north and south magnetac poles.
More thar 9S~ of the Earth's magnetic field orlglnates frOM wlthln the
Earth's Interior. The remaand~r comes from electrac currents anduced an the
Earth's crust, and from electraca! currents flowang an the upper atmosphere
of the Earth resultingfrom aOOlzatlooby solarradlatl0n.
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FIGUREI" Sunspotrecordfor 1700 to 19B.
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FIgure 2 shows an Ideall=ed dIstrIbutIon of the Earth's magnetIc fIeld.
s,",o",ng the geomagnetIc a",s and equator dIsplaced from the geographIc a>:1S
and equator. Geomagnetlo fIeld lInes flow from one pole to the other along
lInes of force very sImIlar to a dIpole ",th an Earth-oentered a-Is. Tne
magnetIc IntensIty at the poles IS t..,ce that at the equator. The actual
magnetIc fIeld of the Earth IS somewhat dIfferent from that of a unIformly
magnetl=ed sphere because the dIstrIbutIon of magnetIc elements over tne
Earth's surface IS not unIform.

The geomagnetic North Pole was located at 78.3 degrees North latItude
and 69.1 degrees West longItude In 19b~, accordIng to the ~n£y;loQ~9!~
~r!!anQ!ca, The geomagnetIc South Pole is approxImately oPPosIte the North
Pole at 78.5 degrees South latItude and III degrees East longItude. The
locatIon of the geomagnetIc poles varIes somewhat over decades of tIme.
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FIGURE 2. Earth's Id.allzed Magnetic Fi.ld.

The ..alnmagnetIc fIeld creates a cavIty In Interplanetary space called
the magnetosphere in whIch the Earth's magnetic field domInates any fIeld
carrIed by the charged partIcles of the solar "Ind. The magnetosphere
shape. sho..nin FIgure 3. resembles a comet due to its interactIon wIth the
solar wind. It IS compressed on the sIde of the Earth towards the sun and
tail-llk~on the side away from the sun. Some partIcles from the solar wInd
or from solar radiatIon penetrate the magnetosphere and, with other cnarged
particles are trapped by the magnetIc fIeld in a CIrcular belt around the
Earth known as the Van Allen belt.

The geomagnetic field lInes are concentrated near the magnetic poles,
but are displaced pole-ward on the side of the Earth towards the sun by the
solar wInd effects on the magnetosphere. The field lInes are dIsplaced
t~ward the equator on the nIght side of the Earth.
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FIGURE 3. Th. Earth's Magnetosphere.

The Earth's Ionosphere IS composed of neutral ~lecules, ionIzed
molecules and free electrons. The IonIzed molecules and electrons are
caused by varIOUS forms of radIatIon, IncludIng solar radIatIon. The
Ionosphere has been defIned In several regIons, wIth the D-reglon bet..een
50-80 kIlometers altItude, the E-reglon bet..een80 and 120 kIlometers. and
the F-reglon above I~O kIlometers. The D-reglon largely disappears at nIght.
but the E-reglon and F-reglon retaIn a sIgnIfIcant number of free electrons.

RadIo wave propagatIon occurs by a serIes of ionospherIc refractions
from the E andlor F-reglons (dependIng on wave frequency and Incidence
angle) and Earth surface reflectIons. RadIo wave absorptIon occurs durIng
the transIt of the Ionosphere by a wave, wIth most absorption occurrIng at
altItudes below 90 kIlometers. More absorptIon occurs at laMer altItudes
for a gIven electron denSltv than at hIgher altItudes because the number of
electron collIsIons per secono decreases exponentIally as altItude
Increases.

The charged partIcles carrIed by the solar "Ind and the hIgher energy
partIcles caused by solar actIvIty suCh as solar flares can precIpItate Into
the Earth's upper atmosphere along the geomagnetIc fIeld lInes. resultIng In
hlgher-than-normal electron densItIes. The auroral oval IS a oano "'th'n
whlcn the charged partIcles preCIPItate Into the Ionosphere. The auroral
oval IS 5 to 10 degrees wIde. tYPIcally between bS and 75 aeg-ees
geomagnetIc latItude. and IS roughly centered on the magnetIc pole, as shown
In FIgure 4 for the Northern hemIsphere.
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FIGURE 4. North.rn Heaisphere Auroral Zone Location.

ThlS preclpltat'on can occur down to 50-bO kllometer altltudes. and
causes hlgh absorpt,on to any radio wave that passes through the auroral
oval above those alt'tudes. Thts is why the Auroral ovals Act as a curtaln
or shield for radlO waves traversing the ovals. as shown 'n Ftgure S. Radlo
wavescan pass underthe "curtain"but theysufferhlQh absorptlonlf they
enter the "curtaln above SO-bO kilometers Altltude.

When the Earth's geomagnetic ftelo is qulet. the oval IS located closer
to the pole and the area of high precipitation IS reduced. When the
magnet,c fleld tS act've. the auroral oval IS located further fr~ the pole
and there are larger areas of hlgh particle preclpltatlon down to a lower
altitude. There IS some Indication that the auroral oval wldth aecreas..s

and "shrinks" toward the geomagnetic pole at the start of a major
geomagnetic disturbance. then "expands" as the disturbance progresses.

When a geomagnetic storm occurs, defined as a Qeomagnetic disturbance of
largeamplitude.an auroraldisplayis oftennoted in partsof the auroral
ovals. Precipitationof veryhigh energyparticlesand solarX-raysor
.ultravioletrays can cause other more severe events, such as polar cap
absorption in which the precipitation occurs over the entire polar region.
Ttoiscan cause high radiO wave absorption and re~raction ..ithinthe auroral
oval.

When there is a major geomagnetic storm, the auroral ovals may be
located in the mid-latitudes, and radio waves from the North, West and East
may suffer high absorption because their path passes through the auroral
.curtatn". Radio waves from the South are unaffected by the auroral oval,
unless the oval boundary is south of the receiver. This is the famlilar
"auroral" conditions experienced frequently in the Northern United States,
where Caribbean and South A~erican stations are dominant on most ~edium wave
frequencies.
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NOTE:
Area of H1Qh Particle Precipitation

Path ThrouQh Auroral Zone "Doughnut Hol."

FIGURE :5. TYPical Auroral Zone Cross-Section.

4, GEOMAGNETIC FIELD INDICES

The Earth has an average magnetic field strength that varies from about
0.3 gaussat the equatorto About0.7 gaussAt the poles. The varlatlonsIn
the mAgnetic field strength are measured by ~any observatorles allover the
Earth's .urfAce. Durtng the period of a quiet sun, the g~o~aQn.ttc force
varies during the day by about .00020 gaus. at the equator and 0.00050 gaus.
at the poles 120 And 50 gAmmas, where a gamma tS 0.00001 gaussl. There are
seasonal variations and sporadic disturbances caused by .olar actlvity and
lunar effects. Charged particles flowing in the magnetosphere and
Ionosphere generate electrlc currents, whiCh cause variations in the
magnetic field intensity.

Geomagnettc actlvlty lndlces. such as the ~ index and the a Index, are
used to measure the varlatlons ln the magnetlc field strength. The t lndex
lS a local index of the 3-hourlY range ln magnetlc aCtlvlty relatlve to an
assumed qulet-day curve at the recording site. It conSlsts of a single
dlglt 0 through 9 for eaCh ~-hourly interval. However, there are 28
potential values of K because each number can have a + or - assoclated wlth
It. For instance a ~value of 3+ IS one-third of the dlfference between 3
and 4. while 4- is t..o-thlrdsof the difference. A planetary ~ index (~~),
based on the ~=tQ~~~ for 13 selected stations around the world, is avallable
since 1932.

The !'!!value can be multiplied by two to get the geomagnetic intensity
ln terms of gam~a. For eKample,a disturbanceof bb gamma.i. an aa - 33
and a IS of 4+.

The local !'!!'!lndeK tS based on the local tndeK by:

IS - 0 I 2 :I 4 5 b 7 8 9

!'!! - 0 4 7 15 27 48 80 132 207 400
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Th~ ~ Ind~x for A glv~n statIon IS calculated by fIndIng th~ ~~an of the
eIght !! Index vAlues for the gIven day.

The planetary ~g index for each thr~e-hour tIme p~rlod IS cAlculated

from the ~ Ind~x from 13 obs~rvAtorl~S around the ~orld. Th~ plan~tary !g
Index IS bas~d on the ~g Ind~x. The plan~tary ~g Index is the meAn of th~
eIght ~g Ind~x values.

Since th~ ~ and ~ IndIces are based on th~ varIatIons In magn~tlc fl~ld
IntensIty, some of ~hlch are caus~d b~ solar actIvIty. ~~ wodd e.p~ct a
strong relatIonshIp between the IndIces and sunspot number or 5~lar flar~
actIvIty.

TABLE I. Sunspot Nu~b.r and Plan.tary A Ind.. Data (19~6-19B6).
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Carr.lation o~ Sunspot Nu8ber with Planetary A Ind...

I r~cently obtAined the ag Index dAtA ~or th. years 1956 through 19B6.
I tAbulated the ~ollowlng in~ormatlon ~Or e~ch year in an Attempt to
correlAt. the aQ index with sunspot number:

monthly mean Wol~ sunspot number

- the AverAge Ap ~or the year

- the number o~ days with a quiet geomagn.tic ~ield

- the number o~ days with A disturbed geo.agn.tlc ~Ield

- the number o~ days with an'Activ. g.omAgnetic ~ield

- th. numb.r o~ d.ys with. .aJar g.o.agn.tic storm
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Con A(8 - th~ maxiMum numb~r of cons~cutiv~ days wIth a quIet
g~omagn~tlc fl~ld

Con A(16 - th~ maximum numb~r of cons~cutlve days wIth a quIet
or disturb~d geomagnetIc fi~ld

Con A>15 - the maxImum number of cons~cutive days wIth an
active g~omagn~tic fi~ld,

Tabl~ I shows thes~ values for th~ years 1956 through 1986, which covers
almost thr~e sunspot cycles. Figur~ 6 shows a graph of th~ r~lationshlp
b~tw~en sunspot numb~r and th~ mean Ap indexl 1 ~xpected to s~~ an invers~
relationship, with the low~st mean Ap index during the lowest sunspot years,
The maxImum mean Ap valu~s occur 2-3 years after the sunspot maxImum. The'
minimum Mean Ap value occurr~d one year after the sunspot MInImum in 1964,
but th~r~ wasn't a real clear miniMum Mean Ap value in the mId-1970's. It
is too ~arly to tell the correlation in the mid-1980's since th~ sunspot
minimum has just oc~urred in late 1986 or early 1987, just before thIs
articl~ was writt~n.

Figure 7 shows a graph of the number of quiet days lAp < BI and sunspot
numb~r ov~r th~ y~ars sinc~ 1956. Th~ trend is for the number of quIet days
to be hIgh when the sunspot number is low, and vIce v~rsa. But, the
correlation i. not perfect - the Mid-1970'. really don't correlate well,
while th~ period 1956-196B and 1982 to the pres~nt correl~e faIrly w~ll.
The minImum number of quIet days occurs 2-3 years after the sunspot maxImum,
while the maxImUM numb~r of quIet days occurs 1-2 years after the sunspot
mInimum.

The corr~latl0n between the number of active day. lAp) 151 and the
sunspot number is shown in Figure 8. With the exc~ptlon of the mId-1970's,

the maXI.um numb~r of active day. occurs 2-3 year. after the sunspot maxImum
year.
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It is evident that "som~thing happened" in the mid-1970'.. The sunspot
number plot in Figure 8 indIcates that the maxi.um nunber of sunspots
occurred in 19b8-b9, with a monthly mean of lOb in those years. The minImum
sunspot year was 197b, with a value of 13. 1973 and 1974 appear to be
anomalous, with a hIgher than expected number of active days and a high mean
Ap lnd~x in a time of declIning sunspot number. There is no obvIous
explanation for this anomaly.

The year 1980 is interesting - it waS Just after the sunspot maximum,
yet it had a high number of quiet days and an unexpectedly low number of
active days. The years 19b9 through 1971 show a sImilar occurrence.

The average Ap value for the years 195b through 198b was 15, which 15
the "break point" between "dIsturbed" and -active" geoMagnetic field, The
months with the highest average Ap during this period were April and
September, while the Month. with the laMest average were December and
January.

Over the period 195b-1986, Table 1 indicate. that the highest numb~r of
consecutive days wIth a quiet geomagnetIc field lag of 7 or lessl was 19 in,
19b5. The longest period without an active geomagnetic field 18g index of
151 or less was 59 days in 1964, with 54 in 19bb and 49 in 19B7. Clearly,
it 15 too much to expect p~riods of more than two week. with a quiet'
geomagnetic field, or periods of more than one month without an active
field. On the other hand, 195B saw a 25 day period when the a2 index was
over 15 and the geomagnetic field waS active. It i. common to have some
periods of 3-b days with an active field even in low sunspot number years.

I also got on the mailing list for the "Geo.agnetic Indices Bulletin"
publish~d by the National G~ophysical Data Center in Boulder, Colorado.
This bulletin provide. the daily ~gL ag (planetary 61, &Ec (Fredericksburg,
VA 8 indexl and other indices for each month. 5
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The 8g index value. for 19ab Are shown in TAble 2 a. A function of month
and day. The .ean Be. .edian flQ. the number of quiet dAY. lee between 0 and
71, disturbed day. lee between 8 and 151. And active dAY. lee greater thAn
151, And the .aximum number of consecutive dAYS with quiet. disturbed or
quiet. And Active day. are tabul..ted for eAch month. Table 3 shows the same
datA for 1987 up through July. which i. the last month I have available. I
have tabulated d..ta for 1972 through 19810in this same format. avAilable a.
part of this article free the radio club publication center.

Table 4 pre.ents the 19ab And 1987 Be index datA in 27 day cycles rather
th..nby months. There are some recurrent periods of 'high geomagnetic
Activity, but .oostlast only 2 or 3 cycle. at most. Some do not recur at
all, and some skip one or more months Iperhaps because the flare activity
was reduced during that cyclel. It should be noted that these years .oreat
the sunspot .inimum, so the recurrent effects may not be as apparent.
Reviewof the data for 1982 1.0 high geomagneticActivityyearlshowssome
recurrent pattern. of more than 6 27-dAY cycle..
I

A recent report by 8ai and Sturrock 1198101 indicAte. thAt there is an
..pparent152 dAY periodicity of solar flAre., bAsed on dAtA from the l..st
two sunspot cycle..' Review of the Ap index of the ,la.t five yeArs shows
some periodicity, but it is not consistent or uniform, perhAps becAuse not
All solar flAre. re.ult in An Active geoa&gnetic field.

6. MEDIUM WAVE OX EFFECTS

Long distance, high latitude medium wave DX ~epend. on .everAl factors.
The most significAnt factors are the geom..gneticfield activity and the
positionand chAracteristicsof the aurorAl ovAls. High levelsof
geomagneticactivityresultsin .oore intenseaurorAlovAl electron
precipitationand higherradio waveabsorptionon path.pA..ingthroughor
grazing the auroral oval. . ,
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TABLE 2. PlAnetaryA Index far 1980. TABLE 3. PlAnetary A Index far 1987.

--.------......--.-...-....------.----.---------...--.--.--.-.-...------..-. +----------------------------------------------
Months I Jan Feb Mar Apr May Jun ,Jul Aug Sep Oct Nov Dec I Ye..r I Months I J..n Feb M..r Apr M..y Jun Jul
Days I I :8 31 30 31 30 ::a :>1 30 31 :;0 31 I 65 I Days I 31 :8 :a 30 31. 30 31------.--.......==--.....-------.----------------------------------.---...-. 1-------------------.------..---.--------------

I : :5 5 18 8 5 15 7 6 9 7 13 13 I : I : 18 7 9 10 7 8 2
: 18 6 12 5 43 a 13 5 16 23 6 a I I : 10 4 3 4 6 a 3
: 10 6 1: 14 40 10 a 19 7 9 16 6 : I : 6 4 6 2 6 4 9
: 5 5 8 4 17 7 7 20 7 7 67 7 : I : 3 4 10 16 5 6 8

5 : 4 7 8 9 17 5 7 9 9 19 :0 4 : I 5 : 3 4 21 12 4 7 6
, :0 11 - 4 67 6 5 6 8 12 12 4 : I : 3 7 10 7 5 25 5, -

- 8: o' 5 12 1: 4 4 5 5 6 6 : I I 5 9 21 13 8 9 4
II :0: 5 7 7 6 7 5 6 4 4 ' : I 7 14 12 11 4 4 10-- .

14 le)(1 5 n 5 7 6 10 6 6 3 6 : : I 10 11 9 8 4 3 9
10 I II 10 : 19 6 13 6 6 6 3 5 12 : : 10 I 6 8 II 10 10 4 11

4 20 2 6 6 6 ,4 7 16 4 14 8 : I : 5 7 8 7 6 7 7
5 18 7 10 7 6 6 10 89 2 9 4 : : I 10 18 14 5 : 13 7
3 15 :1 5 4 6 7 II) 22 :8 5 12 : : I 6 4 B 12 6 6 4
4 19 8 4 ::; 6 4 5 1: 31 5 20 : : : 5 5 8 6 9 6 5

IS I 5 5 8 7 4 5 4 6 18 14 1: 4 : 15 I 5 6 10 6 4 4 24
::; 5 6 8 7 5 5 4 7 6 11 12 : : : 1: 1: 12 4 4 8 20
6 9 6 6 8 8 8 5 14 6 8 5 I I : 10 9 10 5 4 6 14
7 14 8 7 5 9 6 ::; 20 f3 6 6 : I I a 7 12 4 2 6 10
7 9 9 11 8 5 4 4 21 21 4 6 : : I 7 5 11 8 2 17 8

2(1 : 6 17 0' 5 5 6 :s 15 18 14 5 7 : : 20 : 18 29 4 12 4 8 9
IS :6 17 7 6 6 6 :9 11 11 3 11 : I : 10 19 18 3 3 6 6
II :;0 .11 3 8 7 29 4 6 2 14 : I I 10 18 IS 4 7 4 8
17 o' II 10 8 5 5 :5 43' 5 12 .,: I I 11 14 6 4 8 :> 6
12 19 :1 12 7 7 IS ., 22 : 46 10 : I : 7 12 5 9 20 7 12--

25 : 26 18 :7 7 10 3 17 17 26 4 49 11 : : 25 I 7 7 6 4 25 7 17
I: 26 12 7 a 5 20 1: 27 3 17 14 ' I 7 6 13 4 9 9 4.

37 :e) 18 4 7 :a 16 1::; 20 16 9 9 I : : 7 12 26 9 14 5 5
30 - 14 11 3 18 9 12 13 9 5 3 : I I 11 13 12-. 2 10 4 210
19 B 9 4 11 17 22 1'3 15 10 3 : : : 10 5 4 21 5 52

30 : 14 5 5 10 9 11 27 5 14 14 4 : : 30 : 4 4 4 9 3 9
I 8 7 17 12 16 6 7 : I I a 4 11 14---------------------------------------------------------------------------- 1---------------------------------------------_.
I 401 764 393 238 ::;59252 255 385 499 327 39B 262 I 4533 I I 249 275 323 209 239 212 334---------------------------------------------------------------------------- 1----------------------------------------------

Mean I 12.927.3 12.7 7.9 11.6 a.4 8.2 12.4 16.6 11).513.3 a.5 I 12.4 IMean : 8.0 9.8 10.4 7.0 7.7 7.1 10.8---------------------------------------------------------------------------- 1----------------------------------------------
Median I 11 18 8 7 7 7 7 10 13 7 9 7 : IMedian : 7 8 10 6 6 6 a---------------------------------------------------------------------------- 1----------------------------------------------
A<a . 11 7 9 17 18 la 20 13 9 16 13 16 I 167 :A<8 ' 17 14 9 18 19 21 13. .

7<A<16 I 10 6 12 12 7 10 7 a 8 9 11 13 I 113 17<A<16 I 12 10 18 11 9 7 13
A>15 I 10 15 10 1 6 2 4 10 13 6 6 2 ' 85 IA>15 I 2 4 4 1 3 2 5.
-----------.---------------------------------------------------------------- :----------------------------------------------
ConA<a I 10 5 4 3 9 10 13 6 4 6 5 7 1 13 ICons A<8 : 6 10 3 5 9 5 10
ConA<1b: 15 8 .7 21 24 210 210 16 8 7 18 17 I 26 ICon. A<16: 18 22 13 49 *49 12 25
ConA>151 3 10 3 I 5 2 3 5 5 2 3 1 I 10 ICon.A>151 1 3 1 1 2 1 2----------------------------------------------------------------------------+--------------------------------------------_.
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TABLE 4. Planetary A Index for 1986-87 in 27 Day Cycles.

1986 1986
.--------------------------------------------------------------------------
: Start: III 1I:B 2124 3/23 4/19 :;/16 6/12 7/9 8/5 9/1 9/2B
: End: 1/27 2/23 3/22 4/18 5/15 6/11 7/B B/4 B/31 9/27 10/24
:--------------------------------------------------------------------------

I: 25 30 19 11 11 7 6 6 9 9 13
IB 19 IB 21 5 8 6 6 6 16 13
10 14 26 27 7 5 6 4 4 7 5
5 B 20 12 II 8 5 6 7 7 7
4 5 :5 18 10 5 5 7 10 9 23
20 6 IB 14 12 6 8 4 6 B 9
32 6 12 8 7 3 9 4 7 5 7
11 5 12 5 7 8 5 5 10 5 19
14 7 B 7 4 7 6 8 10 6 12
11 II 8 8 II 10 6 6 5 6 5
4 B2 32 5 9 8 8 4 6 16 6
5 202 33 14 5 7 5 3 4 89 6
3 100 23 4 5 3 7 6 5 22 3
4 10 5 9 43 4 3 7 3 12 4
5 20 2 4 40 10 5 5 4 18 2
3 18 2 5 17 17 28 15 15 7 28
6 IS 7 5 17 IS 18 17 29 14 31
7 19 21 13 67 8 II 20 ~ 20 14
4 5 8 19 12 1(t 9 16" 25 21 6
15 :; 8 6 7 7 7 9 22 18 6
:7 9 6 10 5 5 13 17 17 11 13
II 14 6 5 6 6 8 11 12 4 21
17 9 8 4 6 12 7 12 13 43 14
12 17 9 7 7 7 7 6 12 22 11
:6 :6 3 8 4 7 5 5 :2 26 6
12 30 17 6 3 13 4 19 27 27 5

: 27: 37 35 22 7 4 6 6 :0 16 20 2
:--------------------------------------------------------------------------
: Avg : 12.9 :6.9 14.0 9.7 12.7 7.9 7.9 9.2 12.4 17.3 10.8.--------------------------------------------------------------------------

6 :

11:

16 :

21 :

1986 19B7.--------------------------------------------------------------------------
: Start: 10/25 11/21 12/18 1115 2/11 3/10 4/6 5/3 5/30 6/26 7/23
: End: 11/:0 1:/17 1114 2/10 3/9 4/5 5/2 5/29 6/25 7/22 8/18:--------------------------------------------------------------------------
: I: 4365711 7 6996

3 2 6 12 18 8 13 5 II 5 12
16 12 7 10 4 14 11. 4 B 4 17
9 46 11 8 5 8 8 5 8 5 4
15 49 14 7 6 8 10 8 4 3 5
14 17 :2 18 12 10 7 4 6 2 26
6 9 10 10 9 12 5 4 7 3 52
13 5 11 10 7 10 12 10 25 9 9
6 10 14 11 5 12 6 6 9 8 14
16 14 9 7 29 11 6 2 4 6
67 13 3 7 19 4 4 6 3 5
20 B 3 7 18 18 5 9 4 4
12 6 4 7 14 15 4 4 7 10
6 7 7 11 12 6 8 4 13 9
4 4 18 10 7 5 12 4 6 11
3 4 10 4 6 6 3 2 6 7
5 6 6 8 12 13 4 2 4 7
14 4 3 7 13 26 4 4 8 4
9 6 3 4 9 12 9 3 6 5
5 12 3 4 3 5 4 77 6 24
5 B 5 4 6 4 4 8 17 20
12 4 7 4 10 4 9 20 B 14
11 12 1(1 7 21 10 2 25 8 10
8 20 6 9 10 4 4 9 6 8
6 4 5 14 21 2 4 14 4 9
4 12 10 11 12 16 7 10 3 6

: 27: 5 5 6 8 9 12 6 21 7 B1-------------------------------------------------------------------------
: Avg. : 11.0 11.2 8.1 8.3 11.3 ~.9 6.6 10.2 7.7 B.O.-------------------------------------------------------------------------
8

6 :

III

16 :

:1 :

High-latitude paths that pass below a tangent po,nt to the auroral oval
(Path A in F'gure 4) w,ll suffer little Dr no auroral absorption. wh,le
paths that graze the auroral oval (Path B in Figure 41 Nill suffer hlgh
auroral absorptlon. Some paths may cross at near right-angles to the
auroral zone (Path Con Flgure 4, shown also on Flgure 51, pass under the
auroral "curtain" and suffer 1.."ted auroral absorption. These "doughnut
hole" paths ..aybe deflected from a great circle path and may expenence
chordal modes (Nhere the ray passes above the Earth's surface and re-enters
the ionospherel due to the non-uniform electron density found in the polar
regions.

These trans-polar paths are responslble for NorthNest Europe reception
of NorthNest North America (and vice versal and Northeast North Amerlca
reception of Northeast Asla (and vice versal. SouthNest, Mid-Nestern and
Eastern North America receptlon of Southern Europe is by near-grazing paths
(Path AI. as is Western North Amerlca reception of Eastern ASla.
Super-position of a typlcal auroral zone on a Norld globe Nlil help the DXer
determine the likelihood of reception of different areas from his location.

The correlation of long-dlstance, high-latitude ..ediu.wave receptions
is beyond the scope of thls artlcle. The conventional Nisdom is that
trans-oval receptions Dr near-grazlng path receptions should be improved
durlng periods of low sunspot number and ION geomagnetic activity. Long
periods of IoN geomagnetlc actlvity reduce residual ionospheric absorption
and lncrease the probability of receiving signals on high-latltude
propagation on "grazlng" paths or "doughnut-hole- paths. There are other
complicating phenomena, suCh as the Wanter Absorption Ano..ly (also known as
the Mid-winter anomaly) Nhach causes reduced signal strengths during perlods
of 10- geomagnetic activlty, malnly during the wlnter Solstlce months
(December and January ln the Northern hemispherel.

7. CONCLUSIONS

Based on the data presented ln thlS article, the folloNlng concluslons
can be draNn:

al Solar energy affects the Earth's geomagnetic field and causes
variations in the strength of the field.

bl The sunspot cycle lS 22 years long, Nith tNO II-year perlods between
sunspot nu.oer maxima.

cl High geomagnetic field activity is associated Nith high sunspot
number and solar flare activity. HoMever, high activity can occur
in years Nith ION sunspot numbers.

dl The number of geo.agnetically quiet days in a year is highest in
the 1-2 years after the sunspot ainiaum. .

el The nu.o.r of geo.agnetically active days (Ap > 15) in a year is
highest in the 2-3 years after sunspot .aximu...

f) In sunspot .,n,mu. years, periods of 20-30 days or .ore -ithout
high geomagnetic activity are common. HoNever, some periods of
high geomagnetlc activity do occur.

In years during and after the sunspot maximum, periods of 15-20 days
_ith high geomagnetic activlty are common. HoNever, some periods of
ION geomagnetic activity do occur and high-latitude Medium Wave DX
is possible.

gl

hi A 27 day recurrence of active geoaagnetic field conditions is related
to the solar rotation, and is typical, but not absolute. A 152 day
recurrence of specific solar flares is observed occasionally in the
geomagnetic index data.

11 The average Ap index value is 15 for the years 1956-19B6. The lowest
yearly average Ap value Nas B in 1965, and the highest yearly average
ae value Nas 24 in 1960, Nith 23 in 1982.

.. .,.~.

jl The ..onthsNith the highest average Ap index are April and September.
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8. THE FORECAST

Just lik~ forecasting th~ w~ather, forecasting the Sun, th~ Earth's
magn~tic fi~ld and 10nospher~ is risky buslnes~. 8ased on th~ data and
conclusions pr~sented above, the following forecasts are mad~ (with high
hope!l:

al Th~ per10d betw~~n Fall 1987 and Spring 1989 will b~ good to
~xcell~nt for high-latitude medium wav~ DXing due to the low sunspot
numbers. Ther~ should be some periods of 20-30 consecutive days
with qui~t or disturbed geomagnetic fi~ld which should b~ th~ b~st
for high-latitud~ DXlng. DXers should monitor th~ A and ~:Ind~" data
on WWV for up-to-th~-minute geomagn~tic activity. Th~ b~st tim~ of the
y~ar ar~ the months of S~ptember through mid-Nov~mb~r and m1d-January
through mid-April.

Th~ sunspot maximum should occur In 1991-1992 with a maximum sunspot
nu..b~rof 100-150, follow~d by a slow decline in sunspot number to
the n~xt minimum in 1997-1998. Ev~n 50, th~re will b~ p~riods of
qui~t and dlsturbed geomagnetic activity when high-latitude DXing is
possible. There may even be a year like 1980 which had a high number
of days with qui~t activity with a r~latlv~ly high sunspot numb~r:

Too often DXers Judg~ th~ quality of a DX year by first impressions -
how "good" was Sept~mb~r for hlgh latitude DX. There have b~~n some poor
Septembers In low sunspot y~ars 11977 and 1966, for examplel that w~r~
follow~d by good Octobers and Novembers. Don't give up too early 1n the DX
year!

bl

""""""'~Y'<'< """"""'" >O:X>OOCC>:x""XX"" ""xxxx:<><xxx xxx ~
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