Sporadic E — on 4m and 6m
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Scope of this talk

e History, covering 4m and 6m

 Examples of Es

e Characteristics and types of Es

e Recent developments and dx achievements



Sporadic E — the most interesting
propagation mode?

very strong signals (for <2000km)
sometimes brief and somewhat unpredictable
works over 20-220MHz

ranges from <500km to >10,000km on 6m
works in low sunspot periods

continuing source of discussion and research



History

Pre 1939 — 56 MHz

1956 — 4m available

1979 — 6m x-band to 28.885

1983 — 40 special permits for 6m
1984 — 100 special permits for 6m
1986 — 6m open to class A licensees
1987 — 6m open to all




Example — Broadcast reception

* 4m — QRM from -
e 65.8-74MHz OIRT east European
FM broadcast band



Example — Broadcast reception

* 4m — QRM from -
e 65.8-74MHz OIRT east European
FM broadcast band



Amateur Es — 4m pre 1970

GM, GI

PX1RI Andorra
TE3EA Iceland
/ZB2VHF - June 1968




Amateur Es — 4m pre 1970

GM, GI

PX1RI Andorra
TE3EA Iceland
/ZB2VHFEF - June 1968




Cycle 21— 1979 - 1983
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FY7THF

* GJ35 ~7000km
* 50.038MHz
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* GJ35 ~7000km
* 50.038MHz
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Es characteristics

e an opening on a band 20-220MHz

e usually summer time around solstice

e peaks around midday, but can occur at any time
of day or night

e range from S00km up to ~2400km (single hop)

e Rayleigh fading typical

» usually an absence of selective fading

e occasional backscatter evident



What is sporadic E?

e transient, localized patches of relatively high
electron density in the E region at ~115km altitude
e varies markedly with latitude
e random time of occurrence
* mechanisms:-
* Metal 10ns from meteors and cometary dust
e jonisation by solar radiation and collisions
e jonospheric wind shear
e ocomagnetic field
e thunderstorms and other weather?
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Percentage of observations

Figure 1 FY7THF reception in Europe 1979-1985
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Figure 8 Cumulative distribution of Ap
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K1GPJ, Maine, FN44

e 17 June 1987, 2208utc
e G3TCT 1n IO91 running 25W to 3 ele yagi



K1GPJ, Maine, FN44

e 17 June 1987, 2208utc
e G3TCT 1n IO91 running 25W to 3 ele yagi



AF1T, FN43

e 19 June 1987 at 1927utc



J79KV — 1 July 2004, 1855utc
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J79KV — 1 July 2004, 1855utc
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Multihop geometry

Es patches
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24 June 1986
50MHz - simultaneous
paths open

OX-ZB2 4600km
OX-G 2750km
G-ZB2 1700km
G-GM  860km




Reflection geometry — chordal hop
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Controversy...........

e Es?
e multi hop?



Path loss
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Measured S/N  loss ationo  hop length
FY7 22 +/-7dB 6dB 4 x 1750km
W1 32 +/-7dB 6.5dB 4 x 1200km

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

eFor FY7: 50W, Gt=Gr=6dB, R=7000km and 2.7kHz, F=7dB
[_osses at sea surface ~1dB (hor pol, low grazing angle, even for
rough surfaces)

eadditional loss for 4 hops: 4*6 + 3 =27dB

eFor W1: 100W, Gt=Gr=9dB, R=4800km



Still can't believe it's multi-hop?

e Costas SV1DH reported on the 6m opening of 4
June 2006:-

e US and VE pile-up from 1530z until 1630z

e Stations who reported hearing him on the dx
cluster were then plotted on a map...



SV1DH — reception reports

DX Atlas
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Path loss SV1DH - W5

e For 500W, Gt=Gr=11dB, R=9600km, 8 hops of
1200km, we get:- S/N = 15dB



Recent developments

e Operating techniques
 Theory

e 4m — more countries

* 4m & 6m — greater distances



Recent developments

e operating
— ON4KST chat — an invaluable tool
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Recent developments - theory

e correlation to the 22 year magnetic cycle of the
Sun (CT1HZE, Dubus 1/2008)

e correlation of fOEs with random (non-shower)
meteor flux (CTIHZE, Dubus 3/2008)

* long distance propagation in the solar cycle
minimum (CT1HZE, Dubus 2/2009)



Correlation with random (non-
shower) meteor flux — Dubus
3/2008 from ref 1

e “ ..marked seasonal dependence of sporadic E
correlates well with the annual variation of
sporadic meteor deposition in the upper
atmosphere.”

e “,..offers a cause and effect explanation for the
long-going mystery of sporadic E layer seasonal
dependence.”

1 - Haldoupis, C., D. Pancheva, W. Singer, C. Meek, and J.
MacDougall (2007), An explanation for the seasonal dependence of
midlatitude sporadic E layers, J. Geophys. Res., 112, A0O6315, doi:
10.1029/2007JA012322
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Recent developments - theory

* long distance propagation in the solar cycle
minimum (CT1HZE, Dubus 2/2009)



Recent developments — theory of
mid-latitude Es

e meteor flux — source of metallic 10ns

- geographical and seasonal distribution
e the 22 year magnetic cycle of the Sun

- importance of low geomagnetic activity
e vertical wind shears

- formation of dense plasma layers



4m — more countries
south africa /G G NNY
[N N N
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Recent developments
* 4m — greater distances




Recent developments
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Recent developments
e 4m — greater distances

IOTA EU-015 cRETE ISLAND CQ ZONE 20

Loc. KM25ck

SW’/MX UM

curemvovcis — QTH: Tsivaras Apokoronou Crete
Op. Marfin, G4XUM




Recent dx on 4m

12 July 08 — CTIHZE to W3EP 4/6m xband 5334km

12 Jun 09 — SV2DCD to D44TD 4966km
- 4m 2way Es world record

26 Jun 10 — CTIHZE hrd WEO9XFT beacon, 6070km
at ~1807utc (and again ~2035 on 4 July)

5 July 10 — D44TD to OZ2LD, 5167km
- 4m 2way Es world record



Recent dx on 6m - 2008

Each year, there are new achievements:-
2008 - CTIHZE had 1900 gsos with N America
2008 - JEIBMJ had ~50 gsos with Europe



Recent dx on 6m - 2009

25/05/09 - OA4TT into Europe up to 12000km.

26/05/09 - EA6SA worked 9M6XRO at 11500km.
“Many other gsos at >11000km™ stated on chat.
These are first Es QSOs I've seen 1nto equatorial
Zone.

08/07/09 - JR2HCB to HI3TEJ — 13288 km Es record



Recent dx — band Il FM

* On June 26, 2009 Paul Logan from Lisnaskea,
Ireland heard several stations from the United
States and Canada including 90.7 WVAS
Montgomery, AL

e At 6456 km this constitutes a new world record for
Es reception at Band II



Recent dx on 6m - 2010

2010-
BASAG & BAT7IO into Europe & SE England!
Several Gs + G4ASR wkd IM2TO ~10727km

+ BA, JA, JT, JW, XV, A9, A7, J2, ST, FS, C5......



Polarisation diversity - 1

e Make use of polarisation twisting in 1onosphere
* To help with QSB

e Use cross polarised antennas

 Two receirvers locked 1n frequency, b/w, gain etc
e Record signal in stereo

e LH=horizontal

 RH=vertical



Polarisation diversity - 2




Polarisation diversity - 3

e IB1IAB (N Cyprus) working GOCHE (Bognor)
note GOCHE wvia tropo, in LH channel only




Polarisation diversity - 3

 IB1AB (N Cyprus) working GOCHE (Bognor)

note GOCH

E via tropo, in LH channel only

Notice the very rapid fading between LH and RH
(horizontal and vertical)

0)



Polarisation diversity - 3

e JWOSIX beacon (Bear Island, Svalbard, Arctic)



Polarisation diversity - 3

e JWOSIX beacon (Bear Island, Svalbard, Arctic)

and see my website for others....

0)



Polarisation diversity - 4

e Lissajous figures — a reminder



Polarisation diversity - 5

e JWOSIX again
e ST2AR



Sporadic E — the most interesting
propagation mode?

e very strong signals (for <2000km)

e sometimes brief and somewhat unpredictable
e works over 20-220MHz

e ranges from <500km to >10,000km on 6m

e works 1n low sunspot periods

e continuing source of discussion and research
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