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: Part 1A
| Hlstory of Solar and lonospheric Studies
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s
Selar Studiess

Crli; .Jr‘ OD5ervVea SUNSpoLs OVer 2000"years ago
GEJJ Invented the telescope in 1610

] 1613 Galilee wrote ™. . . I am at last convinced that
= e spots are objects cIose to the surface of the solar

> globe

== _-n 18435 Schwabe concluded that sunspots came
= and went in a periodic fashion

~ o I 1914 Hale discovered that sunspots are
engulfed in whirling masses of gas and that they
are surrounded by magnetic fields
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s
Selar Studiess

0 \j\/Q]'J':G‘VJ ad 2 method tordescripe relative
SISOt activity in terms of a common standard
—__-\ nspot number R = k (10 g + f)

_0 g'is ebserved number of sunspot groups

,_'_-;- 1S/ total number of sunspots
= = s ks factor that brings observations of many different

am——

:;_—'_ ~  Observers into general agreement
’ ® weighted towards groups

— Subjective measurement

® Jn the 1930s Pettit found a direct relationship
between the sunspot number and the intensity
of ultraviolet radiation from the Sun
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s
Selar Studiess

o Saryelne eraljizelyiifcliseoar g the~11-
yERIRCyCcle

rLLL“ credited with discovering the ~ 22-year
(“\/ e
“Magnetic field of Sun reverses every cycle
_ ' "léISSbel’g credited with discovering the ~ 88-

=

S
—

.
i

— — year cycle
: — We'll see this one later

e Other cyclic periods seen and named for their
discoverer
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onospheric Studies™

v He'f-; de nstrated that the; direction; of travel

of =15} 2laeife)s) S WaVeE Can veraltered by an
eJec_a |caIIy conductlve obstacle

INIY0L Marconi heard transmissions in
Nev eundland from Poldhu (England)

1902 Kennelly (US) and Heaviside (Great
i .rltaln) suggested independently that the Earth’s
= Upper atmosphere consisted of an electrically
‘conductive region

— In 1925 Russell proposed the name Kennelly-
Heaviside layer

— [n 1926 Watson-Watt introduced the term
“jonosphere”
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PRoespheric Studies'

In,1924 A sive evidence of
glife ctrlcally conductive reglon Py measuring

rrw ehglelofi arrival of radio waves from a nearby:
smltter

S1995! Breit and Tuve demonstrated the
--—ﬁr: |stence N @ more striking way

== They transmitted short bursts of energy straight up
= and measured the delay of the return echo

— | ater they varied the frequency of the transmltted
pulses and noted that above a certain “critical
frequency” the region would no longer return an echo

— This was the first documented use of a vertical
Incidence ionospheric sounder (ionosonde)

WIODXCC DXU K9LA 2013




..‘h‘
PRoespheric Studies'

SENerkeefiBreitrancMiuveopened the doprs
J t-frequency ilGnosondes developed

BNIGtS oft military interest in the ionosphere during
Y W2

—5 nternatlonal Geophysical Year (IGY) from July
L. '1957 December 1958 performed worldwide
~  measurements of the ionosphere

® Data from worldwide ionosondes allowed
development of model of E and F regions
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Part 16
rFormation of the lonosphere
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Ao Competing Preeesses

INE|ectronrdensity Rrthetionosphere depends
SN COMPELING ProCESSES
=IBciron) production

Sih the [ region, atomic oxygen is important for electron
preduction

= Election loss

-

~ ® [nthe F, region, molecular oxygen and molecular nitrogen
contribute to electron loss

~ s Initiated by solar radiation

— But other factors also determine ultimate ionization
e \We'll see these in the Propagation Predictions session

WIODXCC DXU K9LA 2013




78.1% nitrogen
20.9% oxygen
1% other gases

Atomic oxygen
dominates above
about 200 km

S
4
)
©
>
+—
E
]

Nitric oxide is a big

player at low

altitudes (D region

number per m® and lower E
region)

1.00E+10 1.00E+12 1.00E+14 1.00E+16 1.00E+18 1.00E+20
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_‘h.d
aximum \Wavelengtn

= :

—j~""‘-2IVIaX|mum wavelength is longest wavelength of radiation
that Can cause ionization
= Related to ionization potential through Planck’s Constant

energy is proportional to frequency
or
energy is proportional to one over the wavelength
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THE ELECTROMAGNETIC SPECTRUM

Wavelength
(In meters)

Size of a
wavelength

Common
name of wave

Sources

Frequency
(waves per
second)

{electron volts)
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solar flux
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lonization Process™

LERITEIS IS e Mﬂﬁmgm-ﬁﬁwnﬁhmqgh GHE
AUIBSPRELRE; 1T ISTabsorved Py the aforementioned
SPECIESH N the Process of ionization

SREfEray reduced as it proceeds lower
=SINEedrhigher energy radiation (shorter wavelengths) to get

= lower

o

S SHUe ionizing radiation

s

= — 10to 100 nm to ionize O, NO, O,, N, in the F region

— - 1to 10 nm to ionize O,, NO in the E region
= .1 to 1 nm to ionize O,, N, in the D region

— 121.5 nm to ionize NO in the D region

¢ Window in absorption coefficient of atmosphere at 121.5 nm that
allows 121.5 nm to pass through down to low altitudes

Sunspots and 10.7 cm solar flux are proxies for the true ionizing radiation
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At gsphere.ls, lLightiyalenized™

O N2 02

NO = = .electrons

altitude, km

0 I I I I
1.00E+10 1.00E+12 1.00E+14 1.00E+16 1.00E+18

1.00E+20

numberperm3
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Part 1C
Measuring the lonosphere
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oduction torloneserdes ™

JIONTIEKE preaictions, you need a model of the
BN esphiere
1) del @developed from ionosonde data

BVestionosondes are equivalent to swept-freguency
B radars that look straight up
= — (Co-located transmitter and receiver

~ — Alsoireferred to as vertical ionosondes or vertically-incident
jonosondes

8- [here are also oblique ionosondes
— Transmitter and receiver separated
— Evaluate a specific path
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-

e,

WiiatDOES an. lonesondedMeEasure?™

- A

(EasUres the time for a wave
LWERIERUIP) O DE  tuned around,
z nrl-“'-e COME; ack down

liStte measurement is time, i virtual height

height

true height

;—_-g'x._u i5 translates to virtual height
= —assumingthe speed of light and
= mirror-like reflection

8 e real wave does not get as
high: as the virtual height

An ionosonde measures time of flight,
not altitude, at each frequency
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—_a
Sample . lonograni™

ystack.edu
Station YYYY DAY DDD HHMMSS P1 FFS S AXN PPS IGA PS

BOULDER 2009 Sep26 269 170005 MMM 1 046 200 32+ Al &ed is Ordinary Wave green
£l . - ” /
daytime data |- = ST ExtiraondIiNary Wave

R Critical frequencies are
foF,— [ X highest frequencies that are
_l RN returned to Earth from each
region at vertical incidence

~ = 0O 0000 o
DT Z2mHmmTmm
o il w 7 rJd

DX | =h—h—=h—h = —h == -
d — o xoo oo o

h'E

s ENE ] Electron density profile is

hmF2

Ml BE s N T T T derived from the ordinary
= 0 AN wave data (along with
S s wod W) assumptions about region
B Y Lg thickness)
i g A I I I A O — Electron density anywhere
10 11 12 13 14 15 16 in the iOnOSphere IS
equivalent to a plasma

300fx128h 50 kHz 5.0 km / 0 14 X ._ :" ShowIonogram v 1.0 freq Ue_ncy th rOUgh the
E region and F, region have maximums in electron density equation f, (Hz) = 9 x N1/2
ey : — . with N in electrons/m3
, region is inflection point in electron density
D region not measured
Nighttime data only consists of F, region and sporadic E due
to TX ERP and RX sensitivity (lower limit is ~2 MHz)
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layers with gaps in between




_‘h.d
Crlzlfz terizing_ the Ionesphere™

——

SRGHOSPIENE!IS characterlzed initerms of crltlcal
rrer Jencies (foE, foF,, foF,) and heights of
gic ximum electron densities (hmE, hmF,)

— 0 IS Ordinary, X Is extraordinary
ﬂ: - Easier to use than electron densities

Ei"AIIows Us to calculate propagation over obligue
paths
— MUF(2000)E = foE x M-Factor for E region
— MUF(3000)F, = foF, x M-Factor for F, region

=

Rule of thumb: E region M-Factor ~ 5, F, region M-Factor ~ 3
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MEIFaCctor-Spherical Gesmetry™

i i
T §
A j

N il
Bl i

hop distance d

“'..,I

ionospheric region
height h

lli1 B
L

il 1I. \

radius of Earth r

1
sin (90-b)

FIGURE 1 J

M-Factor =

angle (90-b) > angle a
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height “h”

100 km

take-off
angl e “a”

hop

distance “d”

M=Eactors

angle of

incidence “90-b”

2243 km
1389 km
927 km

3836 km
2877 km
2193 km

4401 km
3422 km
2687 km

10.1 deg
11.3 deg
14.2 deg

17.3 deg
17.9 deg
19.9 deg

19.8 deg
20.4 deg
22.1deg
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..‘ h.f

F Region

——

2 Maeld developed from many years 0]
we ldwide ionosonde data

e H sical models of the atmosphere also
¢ ntrlbute to model

;0 Iin summary, lots of good ionosonde data
to develop model
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..‘ h.f

E.Region

o Dyzltel drl tria clzlyiirla = recflon cornlas ot o tnje fejrleefeelnn
SEBIRUIE [E region IS under direct solar control
— J\i gasiied daytime data not extremely important because we
eVe a geod altermate model that ties the E region to the solar
enlth angle
e @blem at night - E region critical frequency is usually
= below the low-frequency limit of an ionosonde.

%{adars

— Radars confirm that there is indeed a nighttime valley in the
electron density above the E region peak

— Radars help us understand the E region under disturbed
geomagnetic field conditions.

e Physical models help

S
e o
L
__1
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.?hg
D.Region

J\/Jf‘f]JJffJ'JJ" HEDAEGICNAWHEIERaRITRE
"O'UJ’J@J-E OPIEMNOIFIBNOSP Erlc SCIentis S

=N ERBSONAES don't have enough ERP

Feldelige 0 rocket flights fill the gap
r\J snenwolld expect from these limited availability techniques, our

InLthe dayiine, pPeses;tie

IRErstanding of the D region and its variability leaves a lot to be

_ daz.-d
S SINot having a good understanding of the D region (at least not as good as
> mnur understanding of the E and F regions) has the biggest impact to
= propagation on the lower frequencies — where absorption dominates in
~  determining propagation
® Another technigue used to deduce D region electron densities
— Low freguency energy in an electromagnetic wave generated by a lightning
discharge propagates in the Earth-ionosphere waveguide
® Receiving station can record the spectral characteristics of this propagating

energy
e \ary a model of the D region electron density to match its predicted spectral

characteristics to the measured spectral characteristics
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=

Sess/ion 1D
Hn §ICS olfPropagation from 150 KHz to 54 MHz
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..‘ h.f

Three Issues

[f vou usicagsizigel igla e iggias ssloy o e)t
'nav;* good! foundationi for understanding
BlepPagation across the LF, MF, HE, and VHF
JJ flels (150 KHz — 54 MHz)

Refractlon

' Fh ~ & How much an electromagnetic wave bends

rm

e

_._-:
_—

~ — Absorption

e How: much an electromagnetic wave is attenuated

— Polarization
® How an electromagnetic wave is oriented
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..'h‘
Refractions

SNHERMOUNT Of reffaction 1s IVersely
PIepeNtional to the square of the freguency.

Refraction ~ 1

| f2
= '—'The lower the frequency, the more the refraction
~® Dont get as high and thus shorter hops

Lower frequencies bend more
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Dayiime (INoen)s

2D lonospheric Ray-Tracing for 20110115 19:00:00 UTC
85.0000W 41.0000H to 120.0000W 35.0000H

: lihe lower the
frequency, the
lower the altitude

The lower the

frequency, the

shorter the hop

— Exception is the

ray on 21 MHz
due to slight
bending by the E
region

Note that 14 MHz

at the designated

launch angle is

refracted by the E

region

Aftitude (km)
@
=

=

=

=
L
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-2[) lonospheric Ray-Tracing for 20110115 05:00:00 UTC

85.0000W 41.0000H to 120.0000W 35.0000H
g0

-
'
'
'
'
'

ISR & RS SR S Morlerate ® R

500 F -t -=q-nntnnbe-- e LI ST SR T T T e e s s il e

% U ST A O O O SO O 0 S O O SO OO SO S IO L O W

[ )
[15]
=]

____________________________________________________________________________________________________________
||||||||||||||||||||||||||

[ )
=
(==

__________________________________________________________________________________________________________

....
R\
Aftitude (km)
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ighttime (Midrigit)

e TJhe lower the

reqUEncY, the
lower the altitude

The lower the
frequency, the
shorter the hop

0.15 MHz (150

KHz) only gets up

to about 80 km

— This is below the

absorbing region
(lower E region
at night)

160m at

designated launch

angle also is

refracted by the E

region



..h‘
AbsOrptions

o Trig =g BUNC G asorp [ON 15 INVersely
r)ror)e rtlonal Lo the square of the freqguency

Absorption ~ 1

= ; f2

== The lower the frequency, the more the
absorption

e
—

4—-—
_——-

Lower frequencies generally have shorter and more lossy hops
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ABSOrptioRm

Tf’i‘_ght, medium solar activity
. 1500 km F hop

o-wave absorption

4.0 dB
17.8 dB
2.3dB
5.4 MHz 0.8 dB
7.15 MHz thru ionosphere

Jan 15, noon, high solar activity
3400 km F hop

frequency o-wave absorption

14 MHz E hop
21 MHz 6.3 dB
28 MHz 2.4 dB
35 MHz 1.4 dB
42 MHz 0.9 dB

The lower the frequency, the more the absorption — until we go below 160m
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e
160m Ray.Jracing-atsNight

3D Iur-mspheri-: Ray-Tracing for 2010/01/15 05:00:00 UTC : - E)_(EremEIY IOW angles are E
85.0000W F1.0000H to 120.0000W 35.0000H reg IO n h O ps
Vary elevation angle ey | — foE is around 0.4 MHz
; ® MUFis5x0.4 =2 MHz

— How important are these
in our DXing efforts on
topband?

e Higher angles go through E
region to higher F region

— Longer hops, less
absorption

Even at solar minimum in
the dead of night, 160m RF
usually doesn't escape the
jonosphere
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Polarlzatlon -

i‘.‘!f-' &kw'?@éw.%
|onosphere 4

quarter-wave

XMTR with RCVR with
horizontal vertical
polarization polarization

' Polarlzatlon of Up-going wave from the XMTR to the ionosphere is constant
Upon:entering the ionosphere, the e-m wave excites both an O-wave and X-wave
O-wave and X-wave propagate through the ionosphere

Polarizations of the two down-coming characteristic waves are constant from the bottom of
the ionosphere to the RCVR.

The x-wave takes a different path through the ionosphere than the o-wave because the
index of refraction: is different for the two characteristic waves.

Strongest signal at the RCVR will come from the characteristic wave that most closely
matches the polarization of the RCVR.
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..‘ h.f

160m — 6mi

| DOm
S0l arization ist highly elllptlcal
— ,"' aveindex of refraction very: different

-Wave sufifers significantly more absorption, so it Is
Sustially not considered

= For those at mid to high latitudes, vertical polarization
- #;;-_;ﬁ_ “Dest couples into the O-wave
= 8. 80m — 6m

= Circular polarization

— Both O-wave and X-wave propagate with equal
absorption

— Index of refraction similar, so paths similar

In all cases O-wave and X-wave are orthogonal
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REITraction/Reflection/Seatter™"

——

) refrecilog
SHLEIECHioN| density gradient much greater than one wavelength
J\ tImLICH absorption
2 eﬁ ctlon
=SElectron density gradient on the order of one wavelength
.;_"_"' “Not much absorption

s

-.rr"-“:_-.::"‘
==

=== Also known as specular reflection - like a mirror

=

~ ® Scatter
— Electron density gradient much less than one wavelength
— Very lossy
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= Session. 2A
Propagat/on Examples at LF, MF, HF, VHF
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[rrnell Zrozleizidan

e HF — E region
® Normal
® Sporadic E
= e Auroral E
-~ =% HF - F region
-~ - Short path
- ® [ ong path

® [onosphere-ionosphere modes

e NVIS

VHF
® Ducting in the troposphere
® Sporadic E
® Aurora
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aith-lonosphere Wave Glide

LR rlm~ PEEWVERARIGRNRLONENGRGSPRENE

— fracted at or below! the D region
Somewhat Impervious to disturbances

oesnt det up. to the absorbing region
= “ 1_'--#0 Diregion during the day

_‘T ~» [lower E region during the night

o LORAN C (navigation) at 100 KHz good example
— \Worldwide propagation

e Antennas are kind of big (and inefficient)
® Noise is a problem
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=5 Ducking on-460m

e

at and greater than 10,000 km on 160m are likely due to
the electron density valley above the nighttime E region peak

£ = -

450 STORY to K9LA

March 22, 2003
0330UTC
a00

Frofile Location

26.60394, 342.7430H

"Rl

\\\”’J"’m

Pl T AT

3EN= B80.0, AI=
Date: 03/03-22 03307

350 \ ~: . Q
.‘-— ‘ N
300 {g = _‘f#§ E I

T

Wave refracts successively between
thetop of the E region peak and the
lower portion of the F region

STORY to KOLA
March 22, 2003
0330 UTC

I

Ray Type: Ordinary P P P Absorption: 27.6633 dB
Elev. Angle: 15.0000* m LAB m Phase Path: 13181.8752 kn
Azimuth: +318.0000° Ray Lat: +31.7392" Zig.ftrength: -17.9701 dB (1pVU)

Frequency : 1.8300 MHz Ray Lon: 102.2924° Ground Range:!: 12896.7373 kn
Local Eleu: +2.4434° Bearing: 316.4827° Ray Az imuth: -1.5173"

Ducting does not incur loss from multiple transits through the
absorbing region and loss from multiple ground reflections
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HE: F Region ShoertsPaths

o Most of g BLge)ls
IILEIIOPISeNtE path
JIGNEERTIFoMm Point A to
POIREE) 2 great circle
OULENS the shortest

MEISEaREE On a sphere

= Airliners fly great circle

 ri

=== routes

ram

=

= & There are two great circle

~_ paths

— Short path (always less
than 20,000 km)

— Long path (greater than
20,000 km)
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o
=l F Region

s moenths are March
oL gh! October
uCoast
S After sunset to Mideast
~and EU
3 '-After sunrise to VU area
(btét lack of ops on this

15m should be
happenlng NOW.

12m should get better
this summer (per Cycle
24's ascent so far)

10m should get better
this fall (per Cycle 24's
ascent so far)

WIODXCC DXU K9LA 2013




S
i I Region Ionosphere=

Ionosphere Modes

——

F

ijonosphere

o Multi-rige ezl slele lamliEs

Earth

On the lower bands there may be too much absorption for multi-hop — the
signal is too weak

On the higher bands the MUF may not be high enough to refract the ray
back to Earthi for multi-hop — the ray goes out into space
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pigiier MUE &l .ess Alserption™

chordal hop unaffected by the ionosphere
in between refraction points

duct consecutive refractions
between E and F regions

Pedersen Ray high angle ray, close to MUF,
parallels the Earth
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> Chojdal Hopmss

SR emplEr—NIERA(transzEaiiatonal propaaeation)

K6QXY to ZL on 6m

Ray trace from Proplab Pro

monthly median results  ;ea of higher l
electron density : :: S 5' HiE wn

eomadgnetic equator
4 9 4 area of higher

electron density

refraction

refraction i

Dec 31, 2009 7000 km

24.4N/135.8W 2230 UTC 27.65/171.0W
2000 km {1 Es hop) from K6QXY 33.0 MHz 2000 km {1 Es hop) from ZL

High-density of electrons on either side of geomagnetic equator
Extremely long hop — approximately twice a normal hop helps MUF
Only two transits through the absorbing region and

No ground reflections absorption

Literature says MUF is approximately 1.5 times normal F, hop
WIDXCC DXU K9LA 2013



| PDUEGE

REGUIESI Upperand lower beundary. fior SUCCESSIVE refiactions
[ angerorangles

4

NS ————
NBRbransits through the absorbing region

NGIGrond reflections

Lo;'e_.;- ieng angles with ionosphere — higher MUF
BElieved to allow extremely long distance QSOs on 160m

1
Profile Location
26.6N/17.3E, SSN=80
arch 20

fi

i

SHUERLE
s

T

PROPLAB PRO fomwoviice: Ssiiosm,,

Phase Pathi
ig.ftranath: =14.1301 dB (1puUd

Aoy Lat: +38 .0633*

helps MUF
and
absorption

H . - S
Fraguancy § 1.8300 WHz Ray Lon: 91.3961° Giround Ranae! 11602.2635 ke

e
Local Elewv: - Baaring: 316 .4%04*
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—_a
Pedersen Rayass

s, Notia letinthe literature on
the Pedersen Ray.

o' Comment from Jonospheric
N Radjo (Davies, 1990)
ELECTRON — Across the North Atlantic,

DENSITY __ ' PHDSRHERE occurrence tends to peak
near noon at the midpoint

X One would surmise that the

72
/ / > ~ lonosphere needs to be very
A ‘ stable for a ray to exactly
parallel the Earth for long

| .
SKIP ZONE | distances

Probably no help with MUF —

1 and 2 are “low-angle” paths biggest advantage appears to

_— = " be with lower absorption due
EUSEIIEItmEanglerpatii to less transits of the

4 and 5 are “high-angle absorbing region and no
Pedersen Ray paths ground reflection losses
6 goes thru the ionosphere

helps absorption
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A 20m, Example=~

—

I O/(AA2AE at the time)to
£S5 B @ron July'5, 2005 at 1230
UT!

C G JE 20m SSBivia leng path s ,,_W =
“2e) reported that ZS5BBO’s S S oo X
7™ .‘ \

5 J}‘P* Weskareund S7 (~ -83 dBm)

- path remW2 starts off in
ay ght goes into darkness, and
—— —-.e__nds infdaylight

S —

=& Short path has high MUF but s tilt at

marginal signal strength due to S sunset
absorption .

e [ond path sianal strenath from 7S Short path 12,700 km
path signal streng rom
predicted to be -125 dBm Long path 27,300 km

— About 40 dB shy of S7
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e
A 20nm. Examples™

Shercruderpictureront therlefit
shows chordal hops as the
jonosphere-ionosphere mode

Proplab Pro data indicates
the K2MO-to-ZS5BBO QSO
was ducting

Easier to draw chordal hops!

® You've probably seen a
similar picture in the
propagation literature.

N R >
LANERRIIRAN
Ionosphere-ionosphere modes are our friends
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HF: E Region

SDIING the daytime, We cam have short-
diBtance; propagation up to 14 MHz via the
WermallE region

= Shorter hops

. . -

- —

= More total absorption

= Keeps energy from getting to longer hops in
the F region
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HE: SporadigEss

2 Sgggeldl] OUICENS OGNt to be dle to
MELEOT debrisiand wind shear
SRE-sKipioccurs on 10m — and even 15m
RNt correlated to a solar cycle

e i

== wr|late morning and early evening in the
— —  summer
e Early evening in December
— Can help the ARRL 10m Contest

<
. T
—=
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“ HE:AukeralsE

—

- This ap )PESIS to be a
| ol dla ' m 28147 UTC -

FEB 22

orler omenon i i

o Worle SezlpleligE il
sOUItHES UL can't
WOTKEU , % _

= : . 6derate . T " . 898

_ ,:-.—J-géomagnetlc field

L

=activity

- | ate afternoon in
the fall appears to
be most prominent

® Need link to auroral
zone — F likely

G

3

158 TARGET IS:
SHZEKHM
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|
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I"\'fl“ ‘l' ‘

|||||||||||||||||||||||
DDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDD
mmmmmmmmmmmmmmmmm

IERETETE L

PPPPPPPP (km)

Near Vertical Incidence Skywave
Higher frequencies have skip zone
Go lower in frequency

Use antenna that put most of its energy at higher angles
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Viii=rDucting, in-Tropesphere™

Conceptual Drawing of the Atmosphere

1Un S e SRR LN S ey i i T b |t o eliE
gg - J\ﬂlﬁﬂl}pﬂusﬁ g
g 0 s g
260 | _mesosphere B
¥ U stratopause
g . —
® gg straiosphere _~
10 “““‘AEW“" L tm_nopause
o | troposphere oo

150 175 200 225 250 275 300 325 350 375 400
temperature, deg K

index of refraction=1+[77.6 x P/T + 373200 x efTT] x10°

If we plug in typical values for P. T. and e at ground level. we’ll get about 1.000315.
Because this is such a small amount above 1. the term in brackets is defined as N and the
refractivity of the atmosphere is defined in terms of N-units. In this example. N =315.
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-

e,

| ViZIESDUCtIng in the Tropesphere™

Conceptual Drawing of a Temperature Inversion Lowest Frequency vs Inversion Depth
in the Troposphere lapse rate = 250 N-units per km

altitude, km

lowest frequency, MHz

temperature, deg K inversion depth, meters

Greatest change in index of refraction occurs in a temperature inversion
Inversion depth limits the lowest frequency than can duct

Inversion depths of 1000 m and greater are rare
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VHE: SporadicEs

ERPPEZIS L0 DE

NEEPENGENT of Where
W’ giieNiia selar cycle

6 Tican proevide
Bmestlc and
Shternationall QSOs

N

T —

: ‘_ te 2m

8 Best during summer

months
® Secondary peak in

December

TQ rejtareltsg, gogre)cl

= -—0*—Sporad|c E can get up

MEAN LOCAL TIML [k}

||||||||||||||||||||

WIODXCC DXU K9LA 2013




.‘-

> ViH: Aurora

- -

D) \j\/her clae)eriziel cl Average Number of Geomagnetically Disturbed Days 1932-2007
fEIENactivity is high, )
sehenect VHE off
teralrorall curtain
Hg'n" acipitating
= €lectrons)

-:t*Pomt your Yadi in a

September -

—

- -_" ~northerly direction

s CW: is the preferred -
mode — will be raspy [

® Equinoxes are the
best months

5 I 8 B8

Month of Year

2 3 4 5
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Unusual Propagation

kewed Patis

| 5 Scatter paths

= -

le- =5 “VHF SSSP (summer solstice short path)
= — Pue to PMSE (polar mesosphere summer echoes)?

 Drifting patches of F, region ionization across the polar cap
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—
Skewed Patifisas™ =

' STATISTICAL AURORAL OVAL m m
r ) L ,- = ~ Deduced from a Single Pass of NOAA-12 160 eXa ple
) ‘_l.r.” ‘_i.r c = (Color bar orlmjg FMW o ](32 7eUT

B UNLE: P o on
p IVE 215ely
prepentenal to the
J] ],- of the
.iff.dﬁ IEACY
= _The lower the
:fd freguency, the more
—— = the refraction
- (bending) for a given

- electron density L ool i I
p rof I | e —Rial NOAA Space Environment Center

‘ L OW e r f r e q u e n C I e S Flg. 3— Satellite photo with auroral oval and W4ZV-to-SMACAN paths.

Most ||ke|y to have e Why isn't the great circle path open?

skewed paths e Where is the skew point?
P e Why is the skewed path open?

Activity level 10

O
N
N
[oN
.
(3
z
o]
o
o
=
(0]
~=
o
.2
=
[0
=
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-

E Scatber Patissss

o Usiizlly rlzlogen)s
WidEIIRtIE SOt path
MUF IsgKEslie)n
Sriotle)g

o Mot to) el gleifs
SEUUAErY direction

—ra
o -

&= — [igher electron

e ——

—  ~- - densities

-
i
— v
—

3 =% Midwest to EU via
the Caribbean

~® Midwest to JA via
the southwest

e Signals will usually
be weak
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occurrence (%)

/
f
/
4

-60-50-40-30-20-10 O 10 20 30 40 50 60 70 80

days relative to summer solstice

diurnal pattern seasonal pattern

e SSSP'(Summer Solstice Short- path Propagation) coined by
JE1BM]J, et al.

® Hypothesis is PMSE for 6m QSOs that go through the high
latitudes

— JA to W4, for example
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Drifting, 5 Patchest

| erm- of increased
olasirlal derisit c
cirnerisios gy the order of 1002 —— - — equatorial
1000 Js) J0N 13 - By ionosphere
fomuguc YOI a pateh) is
Junmr” HIGNEr thani the

PEEREROUREEZEegion Ionization
= IJI} ORL O times Righer

: r ERVEla@e duration is around
ABUK

"@ccur mosty in; the winter
“~ _months

Occur in the, daytime hours

Occur throughout an entire solar
cycle with solar maximum
having the most occurrences U4y

Occur most often when the
interplanetary: magnetic field W4ZV to XZO0A in January 13,

turns southward. 2000 on 10m at 1302 UTC
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Sessjion 25
Propagation Predictions
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50/ai*Datarand. Jonosphere Datd™

0 MEJJ’J\/ \/_:' of <0z

[ S B e — . ey —
Clelle] =|f|C

- : |onosondedata
WEREWIEETONOoSoNde datia solar data
(“QH_\(“-

N,
o T ne_ 26k Of the propagation
BpIEdICLion developers was to

B (etermine the correlation between
E‘E‘;@mr @ata and ionosonde data

=% Tt would have been nice to find a
- correlation between what the
lonesphere was doing on a given

day and what the Sun was doing
on the same day

>
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—

Ut ThatDidnt Happen

ww.solen.info/solar/

i

100 71 - - 100 MUF(3000)F2 over Wallops Island (VA) lonosonde at 1700 UTC
| Eopyvight 2009 Jan Alvestad

90 1 r a0

30 4 Solar flux =

o _W' 70
i 15 -

60 L 60 E

o] August 2009I . = 10
1 L

Planetary
A index

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
day of August 2009

® No correlation between daily values
— Low of 11.6 MHz on August 14

=] =] =] =] =] =

e August 2009 — High of 21.5 MHz on August 16

— Zero sunspots ® Tndicates there are other factors in
— Constant 10.7 cm flux determining the ultimate ionization
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#

~Good — smoothed solar flux ]
(or smoothed sunspot :
number) and monthly
median parameters E
E

Comdation Between Daily MUF and Daily Solar Flux
over Canbema December 1982, 0300 UTC
35
a,j -
E * s A R2 = -0615
- S — s
'™ * & - * *
2 20 —t—
E . &
E 15 * ¥ M
= 10
M
o
5
_—_——
100 125 150 175 200 225 250 275 200
dzily solar flus

Correlation Between Monthily Median MUF and Smoothed Solar Flux

Not too good - the developers
were forced to come up with
a statistical model over a
month’s time frame

over Canbema December month, 0300 UTC

i

R2 = .8637 |
: T

B

=
h
i PR

=
[=]

srnoothed solar flux
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S 5w, Do You Determine ther ..
MontihlyAMedian?

day foF2
11 4.2
13

Q
i

K
—h
T
N

put foF, in
ascending order

m—)

median implies
50%

half of the
values
below
nEeIER

Variation about
the median
follows a Chi-
squared
distribution, thus

2
3
3
pal
pal
pal
pal
pal
5
6
6
6
J
6 )
7 median probabilities can
& B
8
8
8
8
8
o
o
o
o
o
o
2
pal
K

BarppARROT L

OONOUNAWNERY
0:

AROONOOWA

BApADD

Comanon

be calculated
(more on this

half of the later)
values

above

median

20
23
28
12
16
21
22
29
30
19
1

WODXCC DXU

J
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4.
4.
4.
4.
5.
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ePIEIation Between Sfamd SSN™

Sola

225 5
=
2o
x 200 F—— =
= . - - = 20
E 175 w___..-—""‘!"'. - ] 175 3
= * £ 150 3
< 150 * £ =
E 125 3
E -
125 T ¥ L] L] L T T T ¥ L L] T T T L] L L L] L] T T T L L L L] T T T T T T T T T T T T T L] L]
&0 75 100 125 150 175 200 100 125

daily sunspot number monthly mean sunspot number

Solar Flux vs Sunspot Number
smoothed comparison, July 1999 thru June 2001 Smoothed solar flux

¢p,, = 63.75 + 0.728 R,, + 0.00089 (R,,)?
R* = 0.9308
2nd order polynomial

175 & Smoothed sunspot humber
] . R;, = (93918.4 + 1117.3 @,,)*/?2 — 406.37

150:

smoothed solar flux

Using these equations to convert between
1 daily solar flux and daily sunspot number

100 125 results in a lot of uncertainty
smoothed sunspot number
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\ - 1
! at Causes Variability?

Solar lonizing radiation Solar wind'zeomagnetic Neuiral ammozphers
actvity'electrodynamics

Diav-to-day low level” variahty Solar and lomar fidas

Solar rotation (27 day) vanations Substorms Acoustic and granity waves

Formation and decay of active regrons Mammnetic storms

Sezsenal vanation of Sun’s dechnation DF/Solar wind sector struchne Casi-mennial oscillation

Anmiz]l vanation of Sun-Earth distance Ensrgetic paiticle precipiiation Lower atmosphere coupling
Solar eyele vanation (11 and 23 vs) Foumtain effect at low latiudes Surface phenomena (earthauakes)

;_ n 2 lshbeth and Mendillo, Journal of Atmospheric and Solar-Terrestrial
~— — Physics, Vol 63, 2001, pp 1661-1680

s

=  — |ooked at 34 years of foF, data
*— Used data from 13 ionosondes
— Day-to-day daytime variability (std dev/monthly mean) = 20%
e Solar ionizing radiation contributed about 3%
Solar wind, geomagnetic field activity, electrodynamics about 13%

Neutral atmosphere about 15%
[20%]2 = [3%]? + [13%]? + [15%]?
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JSFthe IonespheredmsStep?

——Millstone Hill —s—Wallops lsland J 3000 km MUF
g ovgrvl\\;lillllstone Hill
1 N\ 4|rﬁf_ﬂ,,,!rerysis:age reversed . an allops
"y [ANNT A S Island g
ANV
=5 Y& Y Separated by 653
® : \ <\ km = 408 miles
L ETY o o 5, Several periods
= 2] \— '\ ’(: highlighted that
- Y \ 7/ V7 show ionosphere
B was going
) opposite ways

1200 13;]] MIDIII 15;IIIII 15;30 1?;]] 1BIIII 19:DIII EEII]D 21;]] 22;30 231IIIEI EJ;IID B WorIdWide
ute jonosphere not

necessarily in
step
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..h.d
KOLA toe ZF

) |rr]|‘J|‘lC"“ Wm .
:K9LA 410N/~ 85.0WW
S ZE'= 19.5N / 80.5W

J ctober 20102
= Smoeoethed sunspot number ~ 35 (smoothed solar flux ~ 91)

B Antennas

_‘-_'_':'_’— Small Yagis on both ends = 12 dBi gain

— 1000 Watts on both ends
- ® Bands and Path
~ — 20m, 17m, 15m on the Short Path

o We'll use VOACAP

— When you download VOACAP (comes with ICEPAC and REC533),
read the Technical Manual and User’s Manual — lots of good info
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_‘h‘
VOACAP-Input Parameters

> Wt ' 2 SR

il
= Conf ‘0ls the type of program analysis and! the predictions performed
N )-J mmend using Method 30 (Short\Long Smoothing) most of the time
= J\Z hods 1 and 25 helpful for analysis of the ionosphere

CC w 4C|ents

QIR (International Radio Consultative Committee)
=8 Shertcomings over oceans and in southern hemisphere
~ e Most validated

® Rush, et al, used aeronomic theory to fill in the gaps
J Groups
— Month.Day:

e 10.00 means centered on the middle of October

e 10.05 means centered on the 5t of October
— Defaults to URSI coefficients
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VOACAP Input-Parameters

2 J\/Jr'—‘ff
— J\Jor\ default is residential
- JVH Angle 1 degree (emulate obstructions to radiation)
Re¢ q PRE] default is 90%
= -ﬂ‘~° SNR 48 dB in 1 Hz (13 dB in 3 KHz: 90% intelligibility)
default is 3 dB
Multl Del default is .1 milliseconds

- Multlpliers to increase or reduce MUF
® Default is 1.00 for foE, foF1, foF2 and 0.00 for foEs

For more details on setting up and running VOACAP, either visit
http://lipas.uwasa.fi/~jpe/voacap/ by Jari OH6BG (lots of good info) or visit the Tutorials
link at http://kSla.us
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..h‘
Prediction Printeut™

e 0 0 SO Y e 1= S 1 e R S O N O 0.0 0.0 FREQ
. : - ' MODE
10,0 TANGLE
O 8.4 .6 DELAY
R 002 240 347 V- HI R
BS0R0.09 0.83 0.46 MUFday
I 13 124 LOSS
P37 D7 DBU
=82 -83 -94 S DBW
—163 —166 -168 N DBW
=33 -~ 74 SNR
ER e 35 D RPWRG
e +=-00-0..89 RETL
. 00—6—=00 MPROB
S0 00 1 =00 S PRB
SewiE o5 25" () SIG LW
s 3T 4.0 STE JHB
s el 5he o SNR LW
75 e 5 SNR UP
e Lo =", TGAIN
R (0 12, RGAIN
SNRxx
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e
. OCUS ON'15m at 1300°UTC

\ _--—-
.’%14.1 S e Uil St 0 O 0) 0. 00— _Q 0 0.0 FREQ

//// - MODE
e 7 - 5.5 10.0 TANGLE

ULl 8.6 8.4 8.4 8.6 DELAY
UCCCUI 247 222 240 347 V HITE
AU €050 0.99 0.82 0.46 MUFday
B D 13 124 LOSS
e - -2 Poi 37 9] DBU
MaohealE- 93 -82 -83 -94 S DBW
- -168 -163 -166 -168 N DBW
.5 80 83 74 SNR
o signal e e R L R 1 RPWRG
LGl 0.90 1.00 1.00 0.89 REL
e BSe0.0 00 0.00-0-00 MPROB
=00 00._1—00 1.00 S PRB
=4 12,5 25.0 SIG LW
WA 0 <5 37140 SIG UP
2608=12.6 15.7 26. SNR LW
g 8 15, SNR UP
= |-omgE10 0. 12, TGAIN
o= OO0 . 0 12, RGAIN
SNRxx

for 15m
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(multiply by 31 to get the number of days in the month)

We can't predict which days are the “good” days

WIODXCC DXU K9LA 2013

20,9 57 (rleinitsll
median)
— Enough ionization on

half the days of the
month

21.2 MHz

— Enough ionization on
46 x 31 = 14 days of
the month

14 MHz and below

— Enough ionization every
day of the month

24.9 MHz

— Enough ionization on 1
day of the month

28.3 MHz

— Not enough ionization
on any day




_‘h‘
I'5mrSignal Pewer™

9F=1=73  dBm (50 microvolts into 50Q)

&' SEunit = 5 dB

0 typlcal of receivers I've measured
: — except below S3 or so it's only a couple dB per S-unit

3—’ dBm = 10 dB over S9

| S9+10

S9
S8
S7
S6
S5
S4
S3
S2
S1

-63 dBm
-73 dBm
-78 dBm
-83 dBm
-88 dBm
-93 dBm
-98 dBm

-103 dBm
-108 dBm
-113 dBm

i

L

—rh-_—'example Supplement to Report 252-2, CCIR, 197/8)

G

on-any given day on this path
— SO 'to 15 over 9 for this path

\/ariability about the monthly median from ionospheric texts (for

~ % Signal power could be from one S-unit higher to two S-units lower

e Rule of thumb — actual signal power for any path could be from a
couple S-units higher to several S-units lower than median on any.

given day.

Don’t make assumptions about your S-meter — measure it
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Whiat's Different with WGEELProp?™

e — e =

SREEVIng concept s still the correlation between a
SIEBLIEMISolar parameter and monthly median
BIRESPHEC parameters

O_F:- O, WEELProp uses equations developed by
Hz) ymond Fricker of the BBC

"—_|-

== B VOACAP uses database of numerical coefficients to describe
=~ Worldwide ionosphere

4—"_-.1_‘ sig—

= = — Another option is IRI (PropLab Pro)

= o WBELProp rigorously calculates signal strength using
~— CCIR methods

— VOACAP calibrated against actual measurements

For more details on setting up and running W6ELProp, visit the Tutorials link at
http://k9la.us
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9 11 13 15 17 19 21 23

time, UTC
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Close, but there are
differences — especially
around sunrise and
sunset

The difference is how the
F, region is represented

in the model

— VOACAP is database of
numerical coefficients

Fricker’s equations in
W6ELProp ‘simplified”
this to 23 equations (1
main function + 22
modifying functions)




—.

SEIMIPArison=— SignalsStengen™

i

¢ [n general
WG6ELProp
predicts higher
signal strengths

e \VOACAP is
more realistic
with respect to
signal strength

£
m
©
-
()
=
o
o
T
c
k=)
(70}

1 3 5 7 9 11 13 15 17 19 21 23
time, UTC
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Ihe a'pping Feature InNVGEICProp™

o ——

J r fl] Jﬂ algreat tool for low, pand operatmg

SRRECEN ]y on the topband! reflector SM2EKM  told
r o 160m QSO with KH6AT in late December at
= k 2l Neon

Without digging any farther, this sounds like a
very unusual QSO

-~ _:*-'“—1-'1
.|—-—"_-"
 i—

=
— -
m—
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o
SVIROKH 6 inDecat SMiNGon

Sweden ;2)2802:}!8‘;&11 (B) - e ol 0 a v -EITd iS

o e perpendicular to the
terminator
Sun;ise ) 752 704 UTC , 4 -~ RF from SM
Gray line : encounters the D
sunset 530 i region right around
e the terminator
Bearings -
R o | | — But the solar zenith
R angle is high
. Rest of path is in
. Long-path Length 0 7 3 ) it da rkn ess

e A index and K index

- Short-path Length
foen

are important for this
over-the-pole path

1030 UTC — Were at zero for a
couple days
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..'h.f
ImMmary.ofi Predictiens

Werdenthaverdaily predictionsmmis
Hredjc are statistical over a month’s time frame

Al gire dlctlon software Isi based on the correlation between a
Jmon sejar index and monthly median ionospheric parameters

/] rn:g ood pregrams out there with different presentation formats
clolel diffierent bells and whistles
_ .' S Don't forget the predictions offered by Dean N6BV
- = ~  — VOACAP predictions to/from more than 240 locations
jf‘l‘—'f_fv 160m — 10m, six phases of solar cycle, each month
~ = Available on a CD from Radioware & Radio Bookstore
o (Chooese the one you like the best
— \/OACAP considered the standard
— Several use the VOACAP engine
e [nterested in validating a prediction?

— Visit the Basic Concepts link at http://k9la.us
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Session 5A
Pisturbances to Propagation

WIODXCC DXU K9LA 2013




..‘h‘
e NOAA Categories

PNEEOIEGNELIC storms (G)
'€ nd ANREEX

5 Jerradiation: storms (S)
= Energetlc protons into the polar cap

—Radlo plackouts (R)
— Electromagnetic radiation from .1 to 1 nanometer

http://www.swpc.noaa.gov/NOAAscales/
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E0Mmagnetic Stome

galised by an Earth-directed Coronal
MgssHEjection (EME) or a high-speed CME
wirlel sireeln) froil el coropl gl oy

o Jol‘ WInG Can be up: tor 2000kmy/sec

Eelirresult in
BRYecreased F region ionization at mid
0C __gl ighriatitudes
_' s [lower MUF (Maximum Usable
- 1__-' ~ Freguency)
=8 ncreased E region ionization at high
— [atitudes
~® Auroral displays

e Auroral-E
— Increased absorption
— Skewed paths

— Increased F region ionization at low 2006,/04/16 22:18

EUMIED Coronagraph (telescope with an
® Most ?eomagnetlc storms occur at

appropriately-sized occulting
peak (CMEs) and during the _ _
declining phase (CH) of a sunspot disk at the focal point)
cycle
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- ‘
e Earth-Sun Relationsnip s

_‘out the the influence of the Sun
| ‘ i ;_rf‘.:r"’(ﬂ: e

’
|
¥ . "y i
r i [
i .d"_ﬁ s
2 " .l' i kg o
;' Ll i
- 1 P
! [ y d
F E A )
- L . e | .
[r 1y T - "
L]
¥
)
L

nce of the Sun
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‘ - -
plar Radiation Stomms s

SASEE DY AVER/AENErTEt
TGOS etted DY e
ZIEE Selarflare
ganresult in increased
rjﬁe rptlon at D region
bittides in the polar cap

*Dwected to the polar cap
—= 1lcayk’glhe Earth’s magnetic
e

- — Polar cap is circular area
-~ Inside the auroral oval

— De%rades over-the-pole
pat
® Most solar radiation
storms occur around the
peak of a sunspot cycle
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PMAPs,vs-Realitys™

PMAP and visual image for the same day at the same time
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_—
Radio Blackout, = s

SREAIISEd by radiation| at
SHEIEX-ray Wavelengths
iiemarge solar flares

SREanesult inal blackout

= oni the sunlit side of the
= Farth due to increased D

== fiegion absorption

= — Most pronounced at low
~freguencies

¢ Most radio blackouts
occur around the peak of
a sunspot cycle
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Session 5B

Interpreting Space Weather
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--.'—.*:ﬂ‘

Magretic Field 2011 May 28 0833 UTC

E- cornpanent

+30 Speed
._““‘\+‘ID 500
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he Dials At SWRG™

@ V o
— Green — good
— Yellow — caution

— Red - not good

e Southward interplanetary
magnetic field connects with
the Earth’s magnetic field

Average solar wind speed is
400 km/sec

P =1.6726e-6 * n * V2

where Pressure P is in nPa (nano Pascals),

n is the density in particles cm-3 and V is
the speed in km s-1 of the solar wind.
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Updated 2071 May

oy 27

28 20:41:03 UTC

Univerasl Time

o Protenix
— Watch for spike
— From big solar flares
— (Causes absorption in polar
(@=]0)

® FElectron flux

— At geosynchronous altitudes

— When it dips, watch for
auroral activity

® GOES Hp

— Component that is parallel
to Earth’s rotational axis

— Watch when it dips
e Estimated Kp

— Green (quiet), yellow
(active), red (disturbed)

by 28 Moy 25

ND&ASSWRC Baulder, GO USA
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ViorerDatarat SWERE

> GOES15 1.0-8.0 A

GOES Xray Flux {5 minute data) Begin: 2011 May 21 0000 UTC

e ' — 0.1-0.8nm
: : — Tonizes the D region
GOES15 0.5-4.0A
— 0.05 - 0.4 nm
— Ionizes the D region and the

lower E region

At solar max, high background
values

At solar min, low background
values

r1; 21 May 22 May 23 Masy Ef Watch for Spikes to M and X
Updated 2011 May 23 23:55:12 I.JTu:iJnweml b NOAA/SWPC Boulder, CO USA [SYES
— Absorption on daylight side of
Earth

— Concurrent CME?
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seneralySE, A, andrkK

i nidedis S-rlat vallte

SReERtAMIC Scale

- 0to9
ANHItex is daily average of the 8 K indices
= llinear index

= — 0to 400

“Have to convert the K indices to a indices to mathematically average

= =

& [ ower HF bands

-

~ — Generally want low 10.7 cm solar flux, low A, and low K

s Higher HF bands
— Generally want high 10.7 cm solar flux, low A, and low K

e VHF
— For auroral propagation, generally want high A and high K
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Sessjion SC
Solar Cycles
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Etlfggesln 2

cSUOIIOITIETS] | -

SEYERKEEDING | °* R=k(10g +s)
|

STIISI0L Srecords — Wolf’s relative

Of) el gular basis sunspot number
IIRthENmiddie of . — Gives greater
EJI’J:'_)'E: h Century Cycle progression (years) WEIght tO Iarge
Pfiendrick Schwabe : T sunspot groups
& c0an counting average” solar cycle | [ Jaco wolf
_’ = L:i%%lf?ts in the converted data
A with B T back to 1749 to
- ¢ Rudolpn Wo his sunspot
the discovery of -
eck el devised a number

I I
= ;?J;r,s%y;deﬁ = standard method

findings in 1843 to count sunspots
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Measuring a Solar CyGle™ s

J Plo"r IR alyASURSEENIURIBERRISER/ASRIKY
2 Hlele ‘off monthly: mean sunspot number still
Jr y
J (‘ ficiall measurement of a solar cycle uses the
= ¢ moothed sunspot number R,

= ~_ = — (Calculated from monthly means

I R, for August 2008 = .5 x Feb08 + Mar08 + Apr08 + May08 + Jun08 + Jul08 +
Aug08 + Sep08 + Oct08 + Nov08 + Dec08 + Jan09 + .5 x Feb09

thus the official smoothed sunspot number is 6 months behind the current month
latest R,, as of May 2011 isfor October 10
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WiieniDoes A New. CyclesStartza

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) H>0.0% E>0.1% [0>1.0%

I
B M, Wi i
A

T

208
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
DATE

- Butterfly diagram
Sunspots of new cycle are at higher latitudes
— Sunspots of old cycle are at lower latitudes
Sunspots of new cycle are of opposite polarity compared
to sunspots of old cycle

— And the sunspots in the northern and southern hemisphere
are of opposite polarity

Can have asymmetry between the two hemispheres
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Historical Records

Dalton —un-named
Vinimum minimum period

==l
- ||

-
y Teed

solar cycle number

Cycle 1 started in 1755
Recorded history is cyclic in nature
3 maximum periods and 2 minimum periods
Cycles 5, 6, and 7 are called Dalton minimum
Looks like we’re headed for another minimum period
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SofgNIErm ook at SolarActivity

Maunder
Spoerer

Wolf Dalton

-30
800 1000 1200 1400 1600 1800 2000

Year AD

~ 88-year Gleissberg cycle
~ 205-year De Vries cycle

~ 2300-year Halstatt cycle (from Bel? in
ice cores and C14 in tree rings)

WIODXCC DXU K9LA 2013

Reasonable sunspot
fECOrES G0 DacK o
the mid 1700s

We can with
reasonable accuracy.
reconstruct solar
activity from
cosmogenic nuclides
— Be-10 in ice cores
— C-14 in tree rings
— Nuclides are high
when solar activity
is low, and vice
versa
There are several
“cycles” to solar
activity
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Magnetogramsy

First Sunspot of the New Solar Cycle: Jan. 4, 2008

White light image (left) and magnetogram (right) courtesy of SOHO
By convention, white is

“outward” magnetic
field line and black is
“inward” magnetic field
line

solar equator

Cycle 23

Magnetic fields are
opposite from one
solar cycle to the next
2008/01/04 14:24 2008/01/04 14:28

Magnetic fields are
opposite in northern
and southern
hemisphere
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NOIPA'ST PropagationWWenrSite™

tios/ficlne S—
— 7 i 1ely Topics
B3 g5iC CONCEPLS
_—4 Sltorials
B General
= ':— 160 meters
- —HF
— VHE
— Contesting
— Webinars
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See “The Formation of the Ionosphere” and "The Structure of the
:'ﬂ sphere in the General link

ssion 1 Measuring the Ionosphere
_ “Measuring the Ionosphere” in the General link

= sion 1 Measuring the Ionosphere
= — See “The M-Factor” in the Basic Concepts link
-« Session 1 Physics of Propagation from 150 KHz to 54 MHz

_F

— See "Polarization” in the General link

- e Session 2 Propagation Examples at LF, MF, HF, VHF
— See all the papers in the 160m link, the HF link, and the VHF link
— See “160m Propagation” in the Webinars link
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See “Correlation Between Solar Flux and Sunspot Number”, “Correlation
etween MUF and Solar Flux”, Validating Propagation Predictions in the
Basic Concepts link
+See “Downloading and Using VOACAP” and “Downloading and Using
= W6ELProp” in the Tutorials link

= -:3 See “Propagation Prediction Programs — Their Development and Use” in

3:_-:; “the Webinars link

o T

& Session 3 Disturbances to Propagation

— See "Where Do the K and A index Come From?”, “Disturbances to
Propagation”, and “A Look Inside the Auroral Zone” in the General link

— See “Solar Flares at ZF2RR" and "CMEs at W4ZV" in the Contesting link
— See "Disturbances to Propagation” in the Webinars link

e Session 3 Solar Cycles, A Review of Cycle 23, and Cycle 24 Update
— See all the papers in the Timely Topics link
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AdditionaliArticles atskdla. us™

_ _tion to the Antipode
'érm Trends in the Ionosphere
-.é pagatuon and the Airlines
- P ;e pagation Planning for DXpeditions
= % Trans-Equatorial Propagation

e T
==

— "{:an the Ionosphere Fool Us?

s

-

~ — ® Dissecting a Skewed Path
~® Magnetic Activity Indices
® Polar Mesosphere Summer Echoes
e (QRP DXCC Honor Rall
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INBO0OKS o Your Library

SRIUEE LCLORY  aRNE MOUEraLE I’IﬁT +
— ‘,r;"_ﬁ INEW Shortwave Propadation Handbook, Jacobs,
SolEn), Rese, CQ Communcations

= Radio) Amateurs Guide to the Ionosphere, McNamara,
Kneger Publishing Company

; &= e Little Pistol’s Guide to HF Propagation, Brown,
= WWorldRadio books (available at http://k9la.us)

= — ARRL Antenna Book, Chapter 23, ARRL

o Technical reading
— Jonospheric Radio, Davies, Peter Peregrinus Ltd
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