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A brief run down on solar physics

The sun emits massive
amounts of
electromagnetic ionising
radiation (inc. UV/X rays)

Put simplistically, the
more sunspots, the more
lonisation.

We measure the solar
output at 2.8GHz
(10.7cm) to give us a

“solar flux” figure 2000/04/25 05:34 0T




A brief run down on solar physics
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A brief run down on solar physics

ISES Solar Cycle F10.7cm Radie Flux Pregression

Observed data through Jul 20190
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Where are we we in the cycle?



A brief run down on solar physics

TERMINAL A: 52.60 N 1.16 E GOKYA Sunrise/Set: 0651/1628 UTC Bearing to B: 288.3 deg
TERMINAL B: 40.73 N 74.00 W New York City, NY Sunrise/Set: 1127/2153 UTC Bearing to A: 49.6 deg
SSN: 229.5 Flux: 255.0 K: Average Path Length: 5614 km
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MUF between G and New York in October
for solar flux levels of 65 and 275. It varies
dramatically.



A brief run down on solar physics

The sun also
emits massive
clouds of
charged
particles via
solar flares and
coronal mass
ejections
/coronal holes

® - Approx. size of Earth



A brief run down on solar physics

These can head
towards the earth,
where the particles
can be channelled
towards the poles

This is more likely
when the
Interplanetary
Magnetic Field (B,)
points “south”




A brief run down on solar physics




A brief run down on solar physics

To measure this Magnetic Field 2008 Aug 28 1323 UTC
- it
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B, going south
and an increased
solar wind speed
(450km/s+) are
generally bad
news for HF




A brief run down on solar physics

The K index
shows the three
-hourly effect of
these particles
impacting the
geomagnetic field

The Aindex is an

average of this
over 24 hours. Aurora — K index is 5




A brief run down on solar physics

Boulder, CO
observatory NOAA

K-indexi A measurement G-scale
(nT)
0 0 05 GO
1 3 510 GO
2 7 10-20 GO
3 15 20-40 GO
4 27 40-70 GO
5 48 70-120 G1
6 80 120-200 G2
7 140 200-330 G3
8 240 330-500 G4
9 400 =500 G5



A brief run down on solar physics

If your signals
follow a polar path
that cuts through
the auroral zone(s)
(eg G<>VET7 long
or short path) and
the K index is high
you will have
problems.




What about the ionosphere?

F-region: The region used to
propagate signals in the HF
spectrum, notably 1.8MHz —
30MHz range

E-region: 95-150km, contains
mostly 0,+ ions. The region used
to propagate signals in the lower
HF spectrum, notably 1.8MHz —
7TMHz

D-region: 75-95 kilometres up,
relatively weak ionisation due to its
position at the bottom. For our
purposes this is an absorption
region, cutting down signals on 1.8
— 7TMHz.




What does an ionogram tell us?

The maximum usable
frequency over a 100km
(5.2MHz) - 3000km path (14.9
MHz)

The fyF, critical (straight up)
frequency (4.625MHz)

The f,E critical frequency
(2.91MHz)

The f,E, Sporadic E critical
frequency (2.9MHz)

And much more

Source: http://www.ukssdc.ac.uk/
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The D “Region”

|s at an average height of about 60-90km

It is mainly responsible for absorbing/attenuating
signals on 160-20m. It can reflect signals at VLF

This is why we don’t hear “much” skip on the LF
bands during daylight, especially in summer

The actual level of absorption is dependent upon
the frequency, time of day/year and solar
/geomagnetic levels



D Layer Absorption:

Absorption (db)= (10*/og[flux (W m=2)] + 65) 2/f

That is, the lower the frequency, the more the
absorption



Putting it all together:

5 LUF

0 6 12 18
Mid-path Local Time

The lowest usable frequency increases at sunrise

24



Putting it all together:
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The MUF also increases — the FOT gives the highest
“probability” for the contact you want to make.



Using propagation prediction

programs

ACE-HF http://home.att.net/~acehf/

[ ACE-HF v2.05 uit Analysis Screen
Main Inputs Circuit Group Beacons Chart MUF Best Freq Summary Charts HFANT Output GeoClock Help
156H 126H 9au (317} 30E

60E SBE 120E 15
Ham: GOKYA

[50[ 375 | 537 ] 7.10 [1012] 1420 6,11 21 22 |26 54 2850

Rx 18N 77W  GOKYA 100 DIPOLE23 272 -> 6Y DIPOLE23 40 SSN 1 Jan CW Rul 60% Sh N, 18:16:49 UTC
Chart Type 100

Bands
« Time = 160 ~ 20
C Bands 3 £80 CA7
Hints ; £60 15
~ Values 40 12
© Modes 30 10

12 13 14 15 16 17 18 19 20 21 22 23 24 Animate
[@m. [Ba. [Ew. [§la. Kda EN B ?Qj.”)'

Prop - GOKYA ({England: London)) - 06 February 2008 12:13

ssw: 18 I3} S0 A1 Kl

18 [35 [so |70 [104 [140 [181 [210 249 |28.0 |about

Solar activity: low Conditions: good

[tong path

e [COCTITI

VOAProp
www.g4ilo.com/voaprop.html

EM6LLprop Short.ath Prticion (SanalsGraph) for 060272008 =

TERMINAL A: 52.60 N 1.16 E GOKYA Sunrise/set: 0734/1644 UTC Bearing to B: 3244 deg
TERMINAL B: 49.27 N 123.12 W Vancouver, B.C.  Sunrise/Set: 1542/0111 UTC Bearing to A: 32.8 deg
Ssu: 15.0 Flux: 77.0 K: Average  THIS IS A EOLAR BATH Path Length: 7533 km

SHORT-PATH SIGNAL LEVELS IN dB ABOVE 0.5 uV.

Frequencies. "
= ]

Availabilties \
—— 75-100% 3 R
—— s0T5%
%50% .10
—e—  125%

0 02 04 06 08 10 12 14 16 18 20 22 00
uTe

Show Long Bath | Show Siana-to-Noise Ratios | Close

Click a curve

ntify its frequency Press F1 for Help

WG6ELProp
www.gsl.net/w6elprop/




File Run VYiew Saveto: Help

|30 = SharyLong smoothing (7-10000 km) - Recommended
2010 Coefficients |CCIR(OS|0)
01to24by 1hours UT

Groups Month.Day= 10.00
SSN = 20
i oct 2010 SSN = 20. Minimum Angle= 0.100 degrees
Transmitter |4p 70N 7400 NEW YORK NEW_YORK NORWICH A7 IMUTHS 9. hT. SRy
Receiver AR D30 27D to-2]AanCap\DIpOISIE.N14 (] AZ= B 6 OFFazo 3.8  © Lbokw
- - —-TO- amca 1pole. . = . az= . .
= 5263N  1.30E NORWICH RCVR  5-30 5-B P—to—PjhamcaB\Dipole%.N14 Az= 0.0 OFFaz-283.1
Path ] ) 3 MHz NOISE = -145.0 dBi RE§ REL = 75 REQ. SNE = 65
ea Short Distances: 5622kw 3036nmi 34 MULTIPATH BOWER TOLERANCE = 3.0 dB ~ MULTIPATH DEIAY TOLERANCE = 0.100 ms

Ereq(MHz) 3.500 7.100 10.100 14.150 18.150 21.2

System Noise Min ingle Reg.Rel. Reqg SN

Version 09.0326W
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=
Excellent — but s

not user friendly
Doesn’t do well for 80m or Top band predictions



'l ACE-HF V2.05 Circuit Analysis Screen
Main Inputs Circuit Group Beacons Chart MUF  Best Freq Summary Charts HFANT Output GeoClock Help
1536H 1286H 99I-I 9aE 128E 1589E
Ham: GOKYA EI!EI
b 220

Rx 41N 74W  GOKYA 100 DIPOLE23 288 -> NEW YORK DIPOLE23 49 SSN 8 Oct CW Rul 60% Sh N, 15:17:04 UTC
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: 60 15
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~ Modes ----------...---------------------------- 130 10
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!: I staﬂ , 7. 3 Int.. l - 2 Win... ~ , g Docum. . l &9 Inbox -, | F-_El 2 Micr.. l p Adobe .. @WGELP @ Acehf 'f' [ 2;»]‘3 15:17

C 40 12




Using propagation prediction
programs
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Using propagation prediction
programs

Best frequency at 13.30hrs and 24 hr reliability chart for G to JA
path, October 2008 — note LUF/MUF falling off as night falls
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Using propagation prediction
programs

f¢d Defined Circuits for, Group: GOKYA.grp B]i\@

Main Inputs Area Coverage Circuit Analysis Output Help

Re“ablllty for G to 17:10:10 UTC 160m 80m 60m 40m 30m 20m 17m 15m 12m 10m
rest of world, Transmitter Receiver
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short path.
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Use propagation prediction
programs

VOAPrOp QVOAProp - GOKYA ((England: London)) - 28 August 2008 14:18

Date: | October v |[2008 (Z]] Time: [14 F}| Ut [Jauto Update [ - High
Medium
S5 - 2

18 |35 |50 |70 [10a4 |140 |181 [21.0 [249 |28.0 | About

’ g”_ 36 YQ9
' 388

— ey -

[JLong path

Beacon: 14,100MHz, WEW (USA: California, CMa7bd), Distance 8627km, Bearing 3170 i |




Use propagation prediction
programs

= Daily Propagation = Daily Propagation
GOKYA to Co (Bahamas: Nassau) GOKYA to ZS (South Africa: Capetown)

in October 2008 in Octobher 2008
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P# W6ELProp Short-Path Prediction for 14/09/2008 =

File Info Maps Graphs Advanced
TERMINAL A: 52.60 N 1.16 E GOKYA Sunrise/Set: 0534/1807 UTC Bearing to B: 288.3 deg
TERMINAL B: 40.73 N 74.00 W New York City, NY Sunrise/Set: 1041/2302 UTC Bearing to A: 49.6 deg
SSN: 4.1 Flux: 66.0 K: Average Path Length: 5614 km
SIGNAL LEVELS IN dB ABOVE 0.5 nv
uTC MUF 3.6 MHz 7.1 MHz 14.1 MHz 21.2 MHz 28.3 MHz
1230 15.1 18 D
1300 15.7 18 D
1330 16.3 29 A 30 D
1400 16.8 17 ¢ 30 D
1430 17.3 17 ¢ 30 D
1500 17.7 17 B 30 D =
1530 18.0 17 B 30 D
1600 18.3 17 B 30 D
1630 18.5 18 B 31D
1700 18.6 18 B 31D
1730 18.7 19 B 31D —
1800 18.7 20 B 32 D
1830 18.7 1A 20 B 32 D
1900 18.5 5 A 33 A 32 D
1930 18.4 12 A 34 A 33 D
2000 18.1 15 A 35 A 33 D =
2030 17.6 20 A 35 A 34 D
2100 16.8 24 A 36 A 34 D
2130 16.0 7T A 29 A 37 A 34 D
2200 15.1 18 A 30 A 37 B 35 D
2230 S 34 A 32 A 38 B
Availabilities A: 75 - 100% B: 50 - 75% C: 25 - 50% D: 1 - 25%
Signal levels suppressed if below 0 dB relative to 0.5 pV or if predicted availability is zero
Show Long Path | Show Signal-to-Noise Ratios | Close |
Press F1 for Help

—_—
:’,’ start ¥4 Inbox - Ou... ; YOAProp - ... [€] Microsoft P... [£2 Adobe Pho... 3 old orleans ... #% WeELProp EN ’()L:"]C: 1) E‘a Wy ', e B 16:36

WG6ELProp — can give you a table view ...



000 X| WEELProp Short-Path Prediction (Signals Graph) for 10/01/2010

Sile
TERMINAL A: 52,40 N 1.16 E GOKYA Sunrise/Set: 0602/1728 UTC Bearing to B: 288.5 deg
TERMINAL B: 40.73 N 74.00 W New York City, NY Sunrise/Set; 1057/2234 UTC Bearing to A: 49.8 deg
SSN: 28.5 Flux: 85.0 K: 1 Path Length: 5621 km
SHORT-PATH SIGNAL LEVELS IN dB ABOVE 0.5 uV
o 60 T T T T T T ] v u U s 60
Frequencies I ]
3.6 MHz 50 :_"_A_"_A ________ —a=a=n 50
7.1 MHz ;7/“_._..._._,‘_.\_‘_,._\_._.\\ e
' a0 oo A\ o B, 40
18.1 MHz : \ ” P =iy ]
212MHz 30 A SRS IR 30
, AT 17
24.9 MHz [ * \A y , / :
28.3 MHz 20 i \ [ ey /A ! 20
Availabilities 107 \ e S — 10
I A 8 X i
A 75-100% I \
0 \ '“'*-.aﬁ,,,_‘u. . 0
—s—— 50-75% : A N LT |
c 25-50% -10 Lo " . - g . - Al R el | . ’ S P g N | -10
00 02 04 06 08 10 12 14 16 18 20 22 00
— D0 1-25% uTcC

Show Long Path | Show Signal-to-Noise Ratios | Close |

... or a graphical view



Using W6ELProp (all bands)

] W6ELProp Frequency Map

The frequency indicated in each area of the world is the highest
available frequency that is less than the short-path MUF to that area

From GOKYA
Latitude 52.60 N
Longitude 1.16 E
Date 11/10/08
Sunrise 0620 UTC
Sunset 1704 UTC
Sunspot Number 2.7
Solar Flux 66.0
K Index Average

Available Frequencies (MHz)

283 21.2 14.1

71 36 <36
Click a box above to map only its frequency

New Date. .. | New Time... | MNowy |
Auto Update | Close |
Click an area in the map to identify the highest available frequency in that area Press F1 for Help
74 start [ mbox-ou... [ Zvosprop-... | @ Microsoftp... [ [£}adobepho... | Boldoreans... R weELProp EN R:)'Z”’F.‘L O 8", 9,0 L 1638

Its map views are a little clunky



Using W6ELProp (15m only)

% W6ELProp Frequency Map

The frequency indicated in each area of the world is the highest
available frequency that is less than the short-path MUF to that area

From GOKYA
Latitude 52.60 N
Longitude 1.16 E
Date 11/10/08
Sunrise 0620 UTC
Sunset 1704 UTC
Sunspot Number 201/
Solar Flux 66.0
K Index Average

Available Frequencies (MHz)

283 212 14.1
741 36

Restore All Frequencies

CNewDate... | NewTime... | Now \
Auto Update | Close |
Click an area in the map to identify the highest available frequency in that area Press F1 for Help

1y Start [ Inbox - out... r-é YOAProp-... | [C] MicrosoftP... | [X2AdobePhot... | 3 oldorleans.. B weELProp EN & JE"’Q}!'& Vo2, e? B 16:39



Using RSGB tables

2) Radio Society of Great Britain | HF - Propagation Predictions from the United Kingdom - Mozilla Firefox
File Edit View History Bookmarks Tools Help

G'Cm

@ Most Visited Met Office: Surface pr... 1G Index &t Forex Strategies & Sy... . Watch Air Traffic - LIVE! (:,‘ Arabian Aerospace ©F cPamel ¥ ¢ WebHost Manager - M... ' Author Home - Article... (:,\ Authentication require...

J

r"v taborsoft P |

http:fjwww.rsgb.org/propagation/ T,?ﬂ 7 ‘

adio Society of Great Britain | HF - ... | +

&l 4 L a T L ¥ e L
should be open between 20 and 29% of days, etc. The colours represent expected signal strength, i.e. Black = low to very low signals, hat
Blue = fair signals and Red = strong signals.

10.1MHz 4. OMHz - 1MHz 21.0MHz
11111
..54..318..
.34...58888._|.
v

Done SF78 A4 K0 | Sy B

DUBAI 2009 (E:) &4 HF_Propagation_GO ing_small_gardens...

You can get these from RadCom or the RSGB web site




What is “Greyline” propagation?

The phrase was first coined in 1975

It describes the propagation of radio waves along the
terminator separating night and day (sunrise/sunset)
- this is the “Greyline” path (or “Grayline” in USA)

Generally, “Greyline” is commonly used to describe ANY
propagation path occurring at or around sunrise or sunset

These should really be called sunrise or sunset
“enhancements’



Greyline conditions for a G sunset

over a full year
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How do we predict greyline
openings?

With software — this is by PASCQR

GRAYLINE

Ao =] & B == Al
Your latitude : 52.6000 n Your sunrise : 6:15 Your timezone : UTC
Your longitude : 1.2000 e Your sunset : 17:08 Grayline width : 0:54%
Possible grayline paths for October 12

At your sunset, next 9 dxcc countries will have sunrise

Time Prefix Qth Country Ca Width

152 2ZK2 ALOFI NIUE ISL. 32
2Lt CHATHAM ISL. 32
AMERICAN SAMOA 32

APIA WESTERN SAMOA 32

CENTRAL KIRIBATI 31

NUKUALOFA TONGA 32

JOHNSTON ISL. 31

RAOUL I KERMADEC ISL. 32

BAKER & HOWLAND 31

:10
124
:10
:10
:10
:10
:15
14
:10

oo o oNoNoNoNoNol

Sunrise/Sunset : PageUp/PageDown Scroll : Up/Douwn

Page 1 Sec 1 111 At 25cm Ln1 Col 1 HEG =21 |ovR |English (UK | L3 [

RK | E
§aSlart|H [‘S]Inbox...l jJExplori...l H#EGRA. . \illMicros...l EGeoCI...l ﬂDeIeg...l @Pelerb...l ‘ 258\ Ol B S 1932




How do we predict greyline
openings?

With software — this is by MapMaker

Thursday 28 August 2008

MAP MAKER

0 need to make maps




Is there a twilight “sweet spot”?

In “Contesting in Africa — Multi-Multi on the Equator”
Robert Ferguson, GM3YTS outlines several Top Band
QSOs that took place 25-30 minutes before/after the
other stations’ sunrise/sunset.

In “Low band Dxing” ON4UN says that signals on Top
Band can peak at sunrise or sunset, or in the night —
very unpredictable!

On 80 and 40 meters, signals always peak AFTER
SUNRISE to the west and BEFORE sunset to the east
(NAKG)



Peter 15t Island (3Y0X)
380m contacts v sunrise
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Peter 15t Island (3Y0X)
380m contacts v sunrise

] WG6ELProp Short-Path Prediction (Signals Graph) for 11/02/2006

File
TERMINAL A: 52 .60 N 1.16 E GOKYA Sunrise/Set: 0725/1654 UTC Bearing to B: 212.9 deg
TERMINAL B: 68.83 S 90.58 W Peter I Island Sunrise/Set: 0938/0254 UTC Bearing to A: 66.1 deg
SSN: 75.0 Flux: 126.6 K: 1 Path Length: 15387 km
SHORT-PATH SIGNAL LEVELS IN dB ABOVE 0.5 uVv
Fraquencias 35 e = R RN RN EEEN RSN EEEN R R e T
27|
3.8 MHz /A/ |
30 - ® G3BJ 30
Availabilities "'/A GOTSM
A 75-100% A A : G3BJ
25 ay - 25
B 50-75% PR !
/ It Calculated for GOKYA (Norwich)
C 25-50%
20 A - 20
D 1-25%
15 ® G3SED Calculated for GOTSM (Eastleigh) | 1°
80m 10
5
e L e B LR T s | Ry
16 18 20 22 00
uTC
Show Long Path | Show Signal-to-Noise Ratios Close |
Click a curve to identify its frequency Press F1 for Help

‘g Start 7 2Intern... ~| WA 3 outloo... ~| &H 3v0x.ADI... | [£XAdobePh... | Microsoft ... | @ 3vOX #% weELProp EN B T Q_j.:"]! 18:18




Putting it all together

Higher solar flux levels are generally good for HF

High K and A indices are generally bad — result in absorption and
breakdown of the F region.

Chilton ionogram/ Solar Flux /K index/ Solar wind speed and Bz will give
you a real-time indication of what bands you should concentrate on.

Spring/Autumn/Winter are better than Summer as the ionosphere is
cooler, denser and MUF is higher during the day. lonic composition is
different in Winter too. But night time MUFs are higher in summer.

The opposite is true in the southern hemisphere
Spring/Autumn good for trans-equatorial contacts

As the sun gets higher D layer absorption grows, but the MUF rises, so
follow the MUF up during the day and down at night.



