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Introduction:
Fun with radio, a hobbist's dash into the ionosphee..

This is the tale of a snes
project long in the
making, nurchered over
three years of thinking
and patience, of
persistant attention, and
finally of research and
discovery. | hope it will
facinate and inspier the reader as much as it ghgkth

The object of this study was to observe solar $lawa
shortwave radio. The technique, described in aplaty Mr.
John Hudak, (Sky and Telescope, Nov. 1984), inwlve
monitoring the shortwave signal of a distant bealam
looking for a characteristic fadeout signature dative of a
solar flare. The equipment utilized in the artiskeluded a
shortwave receiver and a chart recorder. | wasested in this
project and had the necessary receiver, but na odzorder so
things merely stewed in my mind. It would not besyear
practical to purchase a chart recorder for a simglepose.
Instead | considered ways of utilizing a Commod&#
computer for the purpose of recording the data.

Things stood that way for three years until one déyle
shopping with my family | picked up a Radio Electics
magazine quite on a lark. Reading it later at hbmeas quite
stunned to find an article by Dr. Frank Maloney ebhi
described a scanner controller project for use wéith
Commodore 64. Two circuits were presented of whimhe
was an interface between the radio automatic gaintral
(AGC) and a C64 computer "paddle” port. | suspethet the
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small compared to the 15MHz carrier. On top of tisa@
second interesting beat in the amplitude with 4GQ@csecond
period or about 0.02Hz (also seen on the powertispak
Voila! No noise at all, just signal everywhere.
Supplemental Records

Data from file: 43un910.txt

Power

00 04 08 L2 16 20 24 28 3.
Frequency in Hz (Line Spacing = 8.4138-3)

Power spectrum of the data collected on 04 Jun@8.18he
data was converted to the frequency domain via ari€o
transform.
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seen the characteristic signature of signal fadTiigre are in
fact two periods of fading superimposed, one ofuab®0
seconds, the second about 5 seconds. The fadinghkas
typical rounded crests and sharp drop to the sépgraodes.
This pattern results from the beat amplitude of twomore
interfering signal frequencies.
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characteristic signature of signal fading

The second chart is from a run of only seven migfiging
about a tenth second interval between readingsreTtiee
fading signature shows with about 50 beats over tthe-
minute interval shown. Fading generally resultsnirdhe
interference of the same signal arriving from tvaths at the
receiver. A power spectrum of the data shows angtmeak
around 0.4 hertz corresponding to the dominant (&&i/m or
0.4b/s). For a beat to be set up the signals irayellong
separate paths, (presumably a single hop and aledboip)
they must not merely be arriving slightly out ofagle but also
with a difference in frequency of 0.4Hz. That sksfextremely
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unit would work as well with my Yaesu 7700 shorteav
receiver and there followed correspondence withNIxloney.

He was a great help and in fact he had the sanie. rétle
circuit had one major drawback from my perspectivayas
battery operated and | was proposing to make regula
observations of 15 plus hours duration. Finally sudution
came in the form of a modification by my clever ther in
Seattle allowing the interface to run off the 11vpower
supply or the radio itself.

With the hardware in place after my years of waitih was
ready to go to work. September 1987 was only a yaat the
minimum between sunspot cycles 21 and 22 and the so
activity was still fairly low, but picking up rapi@ My goals
included both detecting flares and a more gener& of
observing radio propagation variation from minimutm
maximum in the sunspot cycle, a project therefcsting
several years. In actual fact | gathered data weékdm
September 1987 until July of 1991. Each Fridayyelawould
switch on the computer and radio and, with a homelBasic
program, monitered WWV's signal at 15MHz.

A technical note on the interface. The device wdnkgsaking
the variable voltage output of the receiver's AGiguit,

accessable easily from the rear of the unit, amyexing it to
a variable resistance. The Commodore 64 computeepart
could read both joysticks and the even-then obsofgtme
"paddles" which worked on resistance. The comprgad the
resistance and converted it to digital values, ili-uanalog to
digital interface.

A true confession, while | can ponder for hours pessible

physical reasons behind a discontinuity in the ddta
personally get little pleasure from soldering twoires
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together. With modern pentium PC computers its @bgbbest
just to purchase a manufactured A/D circuit ancceotrate on
the science. My own C64 retired soon after the ehthis

study in 1991.

The "Grass", Noise Revealed

Some final words and observations concerning thasyj, the
noise on the records with the very high frequertdidden
within that noise lies some interesting signals azad
interesting message. This "noise" seen on the dsderin fact
just more signal, but at a higher frequency thdmave been
presenting. The following charts were made on O#,J4988.
They were taken specifically to look at the higkginency
content of the signal. It should be noted thatathkcharts the
signal strength scale remains exactly the samen &l ithe
previous charts so the amplitude of the "noise#,range from
crest to node is quite significant when comparedhto daily
variations being measured.
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In the above case | gathered a standard 3200 pouets 29

minutes with no filter giving a half-second peribétween
points. The chart shows four minutes of data and oan be
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otherwise. Increased ionization levels increase signal
absorbtion as well. Also, times of high solar atyivbring
instabilities in the earth's geomagnetic field. iBatf these
effects have an important impact on signal strength

Opening hours vs Flux
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Solar activity (flux) vs length of openings

Solar activity (flux) on the other hand does indéedrove the
conditions in terms of the length of the openiregpecially for
levels of flux above about 120. This is logical whe
considering the overall increased ionization levi\hile the
increased ionization may actually hurt signals bgreasing
absorbtion and causing greater geomagnetic ingaliildoes
make for longer openings. Next: The "grass”, noésealed..
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Some Definitions

Sunspot Number

This is a measure of the number and area of batividtual
sunspots and sunspot groups. Naturally this iscbasevisual
observations from a number of observatories, tha daduced
and averaged. Sunspot numbers were introduced 48 b§
the Swiss astronomer J.R. Wolf and have been eaézljlwith
caution, back to around 1610 making this the lohges
continuous record of solar activity available. Spotsnumbers
range from lows near 0 to highs over 200 during imarns of
solar activity.

Solar Flux

In many ways similar to the sunspot number, andl wel
correlated, the solar flux index is a measure tdrs@dio flux

at a frequency of 2800MHz, or 10.7 cm as it is camiy
called. This measure was introduced in 1947 at v@tta
Canada and has obvious advantages over the sumsmier

in that it does not rely on visual, often subjeetdbservations.

K indices (K, Kp)

Quasi-logarithmic index of geomagnetic activityatéle to

quiet levels for a local recording station. Theseasurements
are taken over a 3-hour period and reported orake d O to

9. Planetary (Kp) values are determined from deienfl2 to

13 stations worldwide. This indice was begun in 924 the

Institut fur Geophysic, Goéttingen University, Gemya

A indices (a, A, ap, and Ap)
Indices derived from the K index but converted tdinear
scale as follows:



K 012 3 45 6 7 89
a 0 3 7 15 27 48 80 140 24® 40

The Ap, or planetary A index is an average daifyore which
| have commonly used to indicate geomagnetic cimmdit The

equavelant values are defined thus:

Ap Condition

0-7 Quiet

8-15 Unsettled

16-29 Active

30-49 Minor Geomagnetic Storm
50-100 Major Geomagnetic Storm
>100 Severe Geomagnetic Storm

Signal Strength by Solar Activity

The following charts show the relationship of soffux to
signal strength and to the length of time for arropg for
propagation along a circuit. Color coding provides
indication of the variation due to season as se¢he previous
section. In this case | have distinguished "summnfeon
"winter" data on thess charts in the following wayinter =
October to March, Summer = April to September.

Signal (1700-2000) vs Flux
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Solar Flux
Plot of signal strength averaged over the middajodel700 -
2000UT

Plot of signal strength averaged over the middajodel700 -

2000UT (11-13 CST).

For both summer and winter seasons | see a weakehlit
inverse relationship of decreasing average sigmehgth with

increasing solar flux. It has often been stated phapagation
improves during times of high solar activity, thiata suggests
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Opening by manth
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opening hours versus season

When plotting the length of time of the openingsskegson the
situation is reversed with longer openings showangeak but
real preference to the summer season. This resuittsipally

from the longer time of ionizing radiation on thendsphere,
but in this case moderate to high levels of sdlax €an add
one to two hours of additional opening per daygiea with

the oft-stated general conclusion that winter éstibst time for
long distance communication by HF radio, but givitie

scatter | would temper that by addressing moreetyothe

question of solar activity. Next: Signal strengtly bolar

activity..
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Solar Flares

The study of solar flares is [
driven by both practical as
well as scientific reasons.
Flares are explosive
eruptions of energy on the
surface of the sun. These §
releases are the most g
powerful form of solar §
activity and occasionally = 3

have severe impact on terresterial communlcanmspmwer
distribution. Tight magnetic fields associated widttive
reagions on the sun form sunspots. These magniefis f
become twisted and kinked, storing tremendous atsoah
energy. The process that causes the flare enelepseeis not
well understood, and no predictive model existscihallows
scientists to know in advance when or where a flaieerupt.

The energy released in a flare occures over thegectrum of
wavelengths from the radio to visible, to ultraeibénd x-ray.
By far the major release of energy is in the shomsavelength
ultraviolet and x-ray regions. Ultraviolet energdiates away
from the sun at the speed of light and, upon inipgcthe
earth's ionosphere 8 minuts later, rapidly ioniadislevels
disrupting communication. Charged particles reldaisethe
outburst take longer, arriving about 1 to 4 dayerah major
flare. They interact with the earth's magnetic dfiausing
further communications disruptions and auroral ldigp

Fortunately, flares last only a short time, upéwesal hours in
their extended, or "main" phase after the initiatdp. Given
their terrestial effects and short duration, flahese long been
a welcome challenge to amateurs observing at hisithle and

7
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Month
signal strength versus season

This chart, already presented in section 3.2, lfledrows that
the summer season does not provide the same sigaafth
that can be found in winter. In general summer omggEnhave
low signal strength and greater variation from dayday.
Overall they are less dependable. The chart disiahgs data
collected under conditions of different levels aflas flux,
(low flux in green to high flux in red). Curiouslyhere is a
clear association between the strongest signalsrentbwest
levels of solar flux.
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Signal Strength by Season

After spending some four years collecting and asiaty
propagation data, it is reasonable to have a fesemhations
concerning the subject. | have often read gendeaérments
concerning propagation versus time of year and sykele, so
how did this study compare? Keep in mind that thiire data
set is from a single circuit, Ft. Collins, Coloratio Houston,
Texas, and that it is for a single frequency, 16.8MHz. While
it cannot be generalized to all HF radio, it pr@sich good test
under semi-controled conditions. Another assumptfuat is
implicit in all this data is that the transmittedvger remained
constant over the whole period. | will make thasuamption
while noting that | did not ever confirm it to bei.

The following charts addresses the question ofadigtrength
and opening hours versus season. Color coding geevan
indication of the variation due to solar flux, ks will be
explored more in the next section.
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radio wavelengths. Visible-light observers gengrationitor
the sun in Hydrogen-alpha light where the flaresnesh
brightest. Radio observation has traditionallyizeiti the very
low frequency band. According to Mr. Hudak, (Skydan
Telescope, 1984) this method requires a radio-guhiserving
site, something simply not available to most amateaday.
This report describes observations using his metdd
shortwave fadeout to detect flares. In additione tihata
gathered reveal several other interesting phenomdrieh |
describe as well.



Earth's lonosphere

The density and
composition of the earth's
atmosphere changes with
height above the surface.
From the sun, solar
ultraviolet radiation
impacts the upper
atmosphere, ionizing the
atoms there in the process
of being absorbed. As the density of the atmospfete to
very low levels the time it takes for ionized efects and their
atomic nuclei to recombine becomes sufficientlyglaa form
a persistant ionized zone. This zone of ionizediges is
called the earth's ionosphere. Due to the chemistryhe
atmosphere, density variations, and varying endeggls in
the ionizing ultraviolet radiation, the ionosphévems distinct
zones or layers which have been given the rathienaginitive
names of D, E, F1 and F2 with increasing heightvabihe
earth.

With the complex interplay of the different factdrsolved,
the ionosphere varies considerable with time. Ragul
variations form from the diurnal rotation of therthabringing
differents parts of the atmosphere under the radiaffects of
the sun, and from seasonal changes, and from thalare
change in solar energy associated with the surspte. Other
more random variations result from interactionshef earth's
magnetic field with the charged particles in thesjhere, and
from disturbances to the magnetic field by solaivag. Its
behavoir also varies by latitude, with polar, matitlide, and
low-latitude regions all behaving in characteristiys.

9

Supplemental Records
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Major flare at 1805UT, (1205 CST). Also note theseing
signal dropout and return.
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record for 01 April, 1988, detail

The above view focuses in on 18 to 21 CST showingem
detail in the features. They clearly represent mumevhere
the ionoshpere electron density is passing replyatedugh

the critical density for propagation. These featushow a
sinusoidal variation in electron density with aipdrbetween
25 and 30 minutes, (from drop to drop). | interptae

variations as density waves propagating in the sphere. A

test of this would require one or preferable twbeotbeakons
being monitored at a close frequency to see whelieesame
features appear offset in time. Note also on tre &hart that
there are two signal loss periods between 9 an€3T as

well, more evidence of unsettled conditions in Ehiayer that

day.

Similar features appear on other records alreadgemted in
this article such as 06 January, 1989.
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The early study of the ionosphere involved meaguiiis
density variations and electrical properties. Ma&trk was
done in conjunction with radio studies and radiovegaremain
the primary way to probe its structure. Studiesufoon its
variability and the nature and causes of distureandn the
process much has been learned about the solasitatre
connection. With a communications receiver andrapuiring
mind, anyone can reach above the sky and touchn¢he
space environment.

Altitude (Km)

10 10 0 10 0 0 10
Flayer Eledron Density Nec  (om® ]

Daytime to nighttime electron concentrations whicmstitute
the midlatitude lonosphere. Graph with variationaEen solar
minimum and solar maximum curves. (from Tascior@&g8)
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Radio Wave Propagation

Because the different
levels in the ionosphere are
electrically ~ conducting,
they interact with
electromagnetic radio |
waves bending them in
much the same manner
that glass or water bends
light. The refractive index
of a layer in the ionosphere depends on |ts electemsity and
has an effect on waves according to their wavelerigevels
with higher electron densities (higher altitudes eveh
recombination is slower) have lower refractive @edi. As a
wave passes up from below into such layers theyejetcted,
or bent back down towards the lower electron deriaigers.
The amount of bending depends on the incident aanglethe
frequency of the wave. Higher frequencies are &fected.
Finally, in passing through conducting layers, gygein the
wave vibrates the electrons thus transfering soneegy into
the layer and being partially absorbed in the pgsce

For much of the radio spectrum the frequenciessemgly too
high to be refracted back to the earth given timgeaelectron
densities which exist and propagation angles requiThis is
not true in the HF band of frequencies betweenahfendred
hertz and about 30 megahertz. There a delicatedxlexists
where, depending on the natural variations in dersfi the
ionsphere, radio waves may be either refracted bacthe
earth or passed out into space. For the case difcaler
incidence and a given ionospheric density there witical
frequency above which no reflection will be receiviaversly,
you can say that for a given frequency there icrétical”

11

Density Waves

On a number of records | found interesting featusbsch
were not easily explainable. The record below farApril,
1988 shows a series of falls and jumps in signegngth
between 18 and 21 CST. Similar features can ocouthe
morning side as well as the evening side, but seldmear
midday.
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record for 01 April, 1988
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Electron density versus altitude as per section Bhis chart
shows lines of criticality for different transmissifrequencies
on the Houston - Ft. Collins circuit. As the ionbspe ionizes
in the morning or recombines in the evening, thaesiy
passes critical in the altitude range of 220 to RO Note that
the F-Layer density never falls below critical 8MHz, but
does affect 10 through 20MHz. The November 1988 wes

somewhere between solar minimum and maximum. (from

Tascione, 1988)
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density needed to return reflections. The relatigmbetween
the three parameters (Nec = electron density (cn\+3=
frequency, and a = incident angle measured frorticed is
given by the following expression, (Tascione, 1988)

Nec = 1.2 x 10"4 v*2 cos™2 a

It should be noted that this expression is for dnitical

situation only. Where the angle is approximatelpwn based
on the circuit geometry and the frequency is kngnecisely,
the density calculated will be the lowest densitgtt below
which, no return (reception) will be possible. Alimwave of
a given frequency therefor will continue to trauplvards into
an ionsphere layer until it reaches the elevatidrere the
density rises to the “critical" level (Nec) and thave will be
turned back to earth.

For most HF radio communication the main reflectienger is

the F layer situated between 200 to 300 KM altituflee D

and E layers are generally too weakly ionized toobenuch

importance except during the day over shorter diss.

lonization, although falling, persists through mudhthe night
in the F layer as well. Intense ionization of thiayer causes it
to warm and split into a second, higher, level ngithe day,
returning to a single layer at night. There are alsasonal
variations on the theme. The E layer, about 1004EDup,

can persist into the night to some extant and it there
are occasional “clouds” or masses of E level idiumavhich

can drift causing sporadic radio openings when tiigt

geometries exist. The D layer at about 80 to 90 KNMnly

useful for propogation during the day recombiningicily

after sunset. In the negative sense, it absorlmlsigpassing
through it to or from the F layer.
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Critical Density {from Tassione, 1988)
Nec=12¢10% w2 cos'2 2
whel

a= muuemanme frarm veHtical

F a0 Kt
Nec <250 x10°6

F 300

F 200

F 100

v=15.000 MHz

Net => 259105

Ft Collins e 1400 KM - Houston

Graphical presentation of the relationships betweba
frequency, ionosphere electron density, and prdjgaga
incident angle measured from vertical are given tle
expression:

Nec = 1.2 x 1074 v*2 cos”2 a ...(from Tascione,8)98

For the given circuit parameters:
v =15.000 MHz
a=72d..(h =230 KM)

Then the Critical ionosphere density from the folavia
Nec = 2.59 x 105 cm”-3.

For densities lower than that value the signal pélss out of
the ionosphere into space. For densities abovevtdlae the
signal will continue to propogate, but with incrieas
absorbtion on this circuit.
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Diurnal Electron Density Estimate
Mid - Novernber, 1988

Nec = 1.2x10° v2 cOS?a v = fequenoy of the RF wave,
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curve of the diurnal change in ionosphere density

The plot shows that the ionosphere goes throughoming

period of fairly rapid ionization peaking perhagsund 10am
CST (1600UT). Then the process stops and revegsesg

through a slower recombination period in the evgrind into
the night until near ionosphere sunrise the procasain

reverses and repeats the rapid ionization. This plofact

compares quite well to published mid-lattitude ismode data
such as Olivier and others, 1988. It is even pdesilvhere
circumstances permit, to see more rapid ionospheriations
as described in the following section. Next: Dgnsitves..

Supplemental Records
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Poor Man's lonosonde

My reading suggested a solution to the ionizatisabfem

described in the previous section. This solutispenced with
the notion that the jump in signal strength wassediby some
jump in F layer ionization. It can be found in tledationship

between the main parameters affecting propagafitet -

electron density (cm”-3), v - frequency, and acidant angle
measured from vertical. The expression is as fallow

Nec = 1.2 x 10"4 v*2 cos"2 a

If this expression were true, then it was simplelévise a test
to confirm it. If the ionization truly proceeded at much
slower rate, it should affect different radio freqaies at
different times, in a regular manner. The beaconVWy

transmits as previously stated at several freqesnd.5, 5.0,
10.0, 15.0, and 20.0 MHz. With this beacon, | comlgintain

the same basic circuit geometry. In mid Novemb&88l|

conducted a series of recordings at 5.0, 10.0,, En@ 20.0
MHz which, when plugged into the above expressiavegne
discreet electron densities.

F Elev Angle a Frequency
5MHz 10MHz 15MHz 20 MHz
250 71 3.34+E4

240 71 1.24+E5
230 72 2.59+E5
220 73 4.26+ES5

The signal jump would give me the exact time that F layer
passed the calculated critical density. The follmyvchart is
my curve of the diurnal change in density, a sdrtRoor-
man's" ionosonde.
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Daily Record

My study utilizes the WWV time standards beaconFat
Collins, Colorado. That transmitter emits at 2.5@0000,
10.000, 15.000, and 20.000 MHz. | monitor the 15Avitjnal
which provides a strong signal at my station in ston,
Texas. 10MHz openings last longer into the nightvbould be
useless for flare detecting at that time as thehssnset! | use a
Yaesu FRG7700 receiver which is not terribly expensnd
extremely stable once it has warmed up.

The interface between the receiver and computes wse
voltage to ohms converter which proved very acdsptaut,
being a resistance device, was suseptable to tatoper
induced drift. In Houston that was generally onlgrablem in
the spring or fall where large changes in day to da
temperature are typical in the Gulf of Mexico'stleaagainst
the continent for dominance of the climate of tlegion. |
made occasional calabrations as necessary totéwéaire and
kept the base level within a narrow range. Theovaihg list
gives the correspondence between the digital sigmahgth
readings presented on the charts and the radiotset&-
output:

S-meter Computer

SO 60

S3 79

S5 90

S7 101

S9 112
+10db 132
+20db 157

record of 17 feb, 1989
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17-Feb-89

150
140
130
120
110 +— &
100 +—— —
%20
80 1 -
70
60
50

Strength

Time (est)

The above record shows a fairly “classic” respofocea 15
hour run. In all my runs regardless of duratiomllected 3200

samples only. That was an expedient to simplify the

programming, keep the record within the memory tbntf a
Commodore 64, and have a simple multiple of theh-hig
resolution screen's 320 pixel width. For a nomit&hour run
that translates to about one record each 17 seawhith is
more than sufficient for the project. In additiohactually
sampled continuously between saves and read thegevef
many readings for each saved record. Even theme tise
considerable fading and short second to minuteesnalise
which accounts for the "grassy" surface.

Note also two important features of the record, Wby sharp
discontinuities at the beginning and end of theetopg”, and
the general sag or lower strength of the signainat-day.
More on the discontinuities later, the sag itsalfdue to
increased absorbtion by the lower D layer at itched full
ionization near midday and dissipates by the aftenn There

15

electron density, radio frequency, and incidentl@nghich |

explained in section 2.3. The answer to the prolpeesented
itself quite simply: My circuit, Ft. Collins to Hston had a
fairly fixed geometry (if you assume a constant height

for the refracting region, close but clearly nohsm@nt), and a
single radio frequency of 15 MHz. The only variatien is

the F layer density which goes critical at abo 2.10"5

cm”-3. Below that density there can be no propagaths the
F layer ionizes, quite slowly perhaps, it passes tritical

density and causes the sudden jump in strength aeeny

records.

Pretty neat.. If you gather data and think abotliirey, you are
bound to learn something facinating. The aboveticgiahip
quickly suggested to me the experiment describedhé
following section.
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30-Nov-90

150

Strength
=
8

70 =

e

7:33 7:34 7:36 7:36 737 7:38 7:39 7:40

60 sp—v—atg—v—s—

Time (cst)

Record for 30 November 1990, detail

At the time | had the idea that the rise in sigstaéngth in the
morning, (and drop in the evening) was associatieectty

with the ionization of the reflecting F layer. Aket layer
ionized under the rising sun the signal would pigk The
records though could not be interpreted in that meanAs |

thought about it, | realised that there were twobfgms with
my theory: First, | noted the curious fact thatr&eon the F
layer, and therefor ionization, took place up tee ar two
hours prior to the morning jump in signal stren¢gind vise
versa in the evening). If the rise in strength waased by a
rise in ionization, why didnt it occur earlier? Sedly, the
duration of the jump, sometimes in just seconds faagoo

rapid. The volume of refracting space in the iomesp was
simply too large to be illuminated by sunrise andiie so
rapidly.

Thinking about this problem sent me to the textisoakd
literature. There | learned about the relationdhspween the

35

is an assymetry to the opening as well with a lomgiod of
strong signal in the evening than in the morninaftiibute this
to the geometry of the Houston-Ft. Collins curowith Ft.

Collins being to the west. By the time the F laigarizes in the
morning at a point halfway between Houston andQ&tlins,

the lower D layer is already ionized, conversatythie evening
there is still a couple of good hours remaining tfee F layer
after the D has dissipated.

Base level, (S0) on this record is 58, the solar that day was
quite high at 239 and the geomagnetic field wa®tquihe
resulting record is pretty close to ideal whiclagually quite
unusual. In all, the project ran for nearly fourse from just
after sunspot minimum to past sunspot maximum asdlted
in nearly 200 weekly records. The next section joes
additional views giving a flavor of the variabilipossible, and
why.

16



Seasonal Variations

The record presented in the previous section repted a
nearly "ideal" winter record. | found that wintepenings were
generally dependable with a distinct jumps in tlerming and
drop in the evening, and good strong receptiondal. 06
October, 1989 was another good day. It is possiblémap”

the data from week to week in order to visualizev e

propagation openings change with time. The follgvahart
shows a map of signal strength contoured agaimst. tLocal
Central Standard Time is on the Y-axis and caletidae on
the X-axis. Each day starts at the bottom and moypeshe
next day starting again at the bottom next to i@ tight of)

the prior one so the calendar flows to the righddiionally,

the Gray curves running along the upper and lowetigns of
the map indicate local Houston sunrise and suesgectively.

17

lonization Problem

Early on in my project | encountered a problem e t
interpretation of the data. Most records like tine delow for

30 November 1990, showed a very rapid increaseiginab

strength from near 60 (SO, no reception) to a marinof 120

or more (S9+, extremely strong).

30-Nov-90
150
140 M
130 -
120 I LT
£ 110 !
§ 100 t
& w0 i |
80 T 1
s [ I
60 WJ .
50
6 8 10 12 14 16 18 20 22
Time (est)

Record for 30 November 1990

The time from nothing to maximum was often undeniaute
or two, as shown in the detail chart below wherthaenminute
around 7:36 am CST the signal makes its jump. (BfEs
shows some of the tight detail available on thems which
looks spikey on the normal 15-hour presentatiomteha
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26-May-90
2
150 2
140 7‘i: =
130 == <) —
120 | M= = N
510 NS A
§ 100 "
H ® ]
& 90 7
20 L ; 1| [ | S {f 7
| ¢
a : Wi | 3 W
o DU I DU =
% " IR W W
6 8 10 12 1 B 18 20 @2 o 1
Time (cst) o [y ) R —
26may90 ) ) j = A
Major flare and geomagnetic storm, propagation neha .
much of a chance! Return.. N
sl
1888
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This map shows the period of March and April, 1988t you
see the srong morning and evening signal (in brpwand the
midday sag in yellow to green. On the right thenaldor the
record of 22 April becomes poor, (blues). This wasactive
day with geomagnetic disturbances disrupting tlepagation.
Also in this map you can see typical evening spiorémiv-

level propagation after the main opening has endspgecially
in early March.

In contrast to the above "winter" view, the follmgi map
shows the doldrums of summer. It is for the pedbday and
June, 1988. | characterize the propagation in sumase
generally longer duration, but with lower signalesgth and
much greater day to day variability. It is not wmaisto have a
good strong opening for an hour or two in the ewgnbut
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1-Sep-90

150
140

120 ‘

Strength
3
g

|
i
70441 |
o I i
6 8 10 12 14 16 18 20 2

Time (est)

record of 01 September, 1990

This record for 01 September, 1990 indicates thait all
geomagnetic activity necessarily destroys propagatilhis
day with Ap=26 had conditions ranging from quietntajor
storm yet the openings remain generally good. Gegomiic
storms in fact can be quite local and do not arpifaicate
poor communications. Recall that my recordings qumiybe a
small portion of the ionosphere located about hayflvetween
Ft. Collins, Colorado and Houston, Texas.

Supplemental Records
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15-Jun-90

150
140
130
120
110
100
%20 !
80 {
70
60
501 | N

Strength

Time (cst)

record of 15 June, 1990

Another storm ending on 15 June, 1990 in the suns@ason
has in this record nearly wiped out the openingliypt Ap for
the record also a high 47. Similarily, the flarel atorm on 26
May, 1990 with an Ap=38 had terrible results for
communications.
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generally the records are choppy and noisy, fadsng far
bigger problem.
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period of June and July, 1988
On 24 June of this period there occured a majore flat

1609UT (1009CST) which closed the window for selera
hours.
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6-Jul-90
150
10
130
120 oy
=110 [
£ 100 f
&
80
o LAV
60
50 |
6 8 10 12 14 16 18 20 2
Time (5st)

record taken on 06 July, 1990

This chart shows a fairly typical (if there is suahthing)
"summer" record taken on 06 July, 1990. The day stemhg
solar flux at 209, and the geomagnetic field wasienately
quiet. Still, the signal was weak most of the dashvots of
noise and levels only in the S3 - S5 (80 - 90) early week
later on 13 July the opening made a brief appearamahe
morning and then headed south all day. Good dagdo
fishing.

| have taken averaged hourly signal strengths fbr2@0
records and put them on a spreadsheet to makeefurth
analyses. The following graph shows the averagmgth for
the midday period 1700 - 2000 UT (10am to 1pm CST)
averaged together and plotted by month. That isebtuary
data regardless of year together, all June and osth.f
Although some years may be better overall, youctearly see
the seasonal signature with good autumn to spiigniasand
poor summer reception.
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Unsettled to Active Field Response

Solar activity can cause cause disruptions of thethis
magnetic field leading to choppy or poor openinfise usual
cause of these disruptions is the interaction afgéd particles
expelled from the sun by flares with the earthisogphere.
Being charged, they carry magnetic field lines frtm sun
and distort the local earth field lines. The effeere most
pronounced when the sun's magnetic poles are ezlevih

respect to the earth's. Even when sunspot actsggms low
particles can still be ejected through coronal $igied disrupt
local conditions.

15-Jan-88
150
140
130
120 .
5 110 I
2100 ]
g o i
a0 [ LIl
@ I [
o - )
50 |
6 8 0 12 6 18 20 22
Time (cst)

record of 15 January, 1988

This record of 15 January, 1988 was taken on téteday of a
major geomagnetic storm. The planetary "Ap" valga,
measure of geomagnetic activity) was a high 45. dpenings
here are choppy, short lived but still with goaghsil strengths
typical of a winter record.
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Map for the winter 88/89 which shows the typicalogh
openings and strong signals. Major flares on 30, B8¢ 1802
UT (1202 CST); 06 Jan, 90, 1805 UT (1205 CST); a3 89,
1734UT (1134 CST); and 27 Jan, 89, 1917UT (1317 )CST
Solar flux during the period was understandabljhtigvering
between 154 and 170 in early December, jumping8® tb

290 through January 89.
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average strength for the midday period 1700 - 2000

1700-2000h av signal strength by month
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The following section shows the signature of arstidae since

finally, thats what all this is about!

Supplemental:
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6-Oct-89

6-Jan-89

150 150

140 140 ‘

130 | 130 |

120 i 120 | )
= 110 Lkull [y £ 110 Al [}]
2 | ?
£ 100 £ 100 ‘
& o H & o0 ‘ Lkl

80 T 80 T T

! | 1 [

70 - 70 Il |

60 [\ 60 {—pre f

50 50

6 8 0 12 14 1 18 20 2 6 8 0 12 14 %6 18 20 2
Time (est)

Time (cst)

Major flare at 1805UT, (1205 CST). Also note thesreing
signal dropout and return.

"Ideal" recording with winter responce, good openimidday
sag, and long evening period with strong signagpéon.

24-Jun-88

Strength
2
38

1YY
1 bl

AL |
j Y

70J
I
60 ki

6 8 10 12 14 16 18 20 22
Time (cst)

Major flare at 1609UT (1009 CST).
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10-Mar-89

13-Jul-90
150 150
140 ‘ 140
130 J 130
120 120
£ 110 | £ 110
S S
§ 100 § 100
& %0 L & 9 f
80 1+ ‘ 80 m
70 70 —
60 A 60
50 ‘ 50
6 8 10 12 1 B 18 20 @2 6 8 0 12 6 18 20 22
Time (cst) Time (cst)
See Summertime blues, solar flux good at 153, Ap=1@itprquiet
«http://www.ips.oz.au/background/richard/power_188emll

day but with lousy reception.
» for a description of the event and its effectQimebec. Next:

Unsettled to active field response..

Supplemental Records
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Flare Responce

27-Jan-89
Flares result from the sudden release of tremendmaunts 150
of energy from the sun's surface. Some eight minafeer a 140
flare bursts on the sun, high energy ultravioletliagon 130
impacts the earth ionizing all the ionosphere layer the 120
process. While this might be expected to enhancayer £ 110 | il [
propagation, the D layer density quickly becomeaque to § 100 ;
the signal causing a sudden fadeout. Depending hen t & 9%
duration of the flare, the fadout will last fromnmtes to hours 80 Wl T
and then as the ions recombine there follows atlugic rise n LJN' I
back to normal. The following record of 27 Januahpws a 2g T |
classic flare signature against a clean winterneco 1 12 18 M 15 16 17
Time (cst)
27-Jan-89 record of 27 January, 1989, detail
150 [ The above detail shows more clearly the sudden firgwed
140 I be a rise back to the former signal level. This \aapretty
:2g | NN typical flare, strong but not truly large. Anothexample of a
£ 110 . 1L typical flare comes from the record of 06 Januagg9. The
£ 100 winter and spring of 1989 was a very active pefudflares
E o and | caught them repeatedly on many records amépefor
80 i H I v | December 89 / January 90 shows. On the 10th of Ma&@89
70 |4 there occured a truly powerful outburst which bledkadio
60 m“‘ ] communications for several hours and the geomags&irm
50 that followed three days later was so severe thatdacked out
6 8 o2 u 1820 2 the power grid in Quebec, Canada, and caused wwihder
Time (cst) auroral displays as far south as florida.
record of 27 January, 1989 record of 10 March, 1989
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