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lonospheric interactions
with EME signals

By Giorgio IKIUWL and Flavio IK3XTV




The beginning of this research:
a pile-up on 2m band decoded with MAP65

Date: 2012-aug-03 — Station IKIUWL - Band 144 MHz
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MAPG5 can be a research tool

Besides decodes for ham activity,
it measures also levels and polarity.

With this tool we started to research what
happens in the ionosphere.
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The ilonosphere, space weather
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= Jet stream in the troposphere. always from west
= Jet stream in the mesosphere (reverses seasonally)
= zonal currents in the stratosphere with seasonal inversion
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Courtesy: Istituto di Scienze dellAtmosfera e del Clima — CNR, ltalia.



The ionosphere, space weather




lonospheric Waves

Q. lonospheric effects: Attenuation, Deviation, Rotation of the wave

O Winds cause undulations and waves (TIDs), so free electron density

varies in space and time.
O These fluctuations of electron density have a lens effect on our signals,

focusing or defocusing

them.

- Moon is wide 0.5 degrees

- our beam is wide many degrees

- change of width changes gain

The Travelling lonospheric Disturbances

(TIDs)
Horizontal | Horizontal

Class wavelenght Periods phase velocities

LSTIDs >1000 Km 05.3h 300..1000 m/s
Large scale

MSTIDS | 4001000 Km |12 min...1h | 100..300 m/s
Medium scale

SSTIDs <100 Km Afew <200 m's
Small Scale minutes

Source: INGV Istituto Nazionale di Geofisica e Vulcanologia - Italy
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Image source:Research and Technology Organisation. North Atlantic Treaty Organisation.
Characterising the lonosphere. Author: G. Wyman (January 2009)




Focusing/Defocusing effects

O Fast scintillations caused
by lunar libration
and ionospheric turbulence

(ssTIDs, periods of minutes)

O Slower fluctuations from msTIDs
(observed at mid latitudes every day)
(300 km wavelength, wind 100 m/s

= 360 km/h, period 50 minutes)
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QSB

Band dependence (ionospheric

refraction is proportional to 1/f2)

Regions dominating the effect
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Fig. 8. Detrended VHF, UHF, and L-band strip charts from a pass recorded at Poker Flat om 29 May 1976.

Courtesy: Radio Science, Volume 13, Number 1, pages 167-187,
January-February 1978 AGU American Geophysical Union
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Collecting on-the-air data

Results must be checked with real situations, from different sources.

We chose LiveCQ as a source.

René PE1L accepted to store all decodes from MAPG65 spotters (all 2m band) in a file.
We made an Excel sheet, with data sorted by date, spotter and spotted.

Example: 18/08/2012 — DGOOPK — PEL1L, data, pol and level graphs
Note: MAPG65 rotation is sum of spatial offset and up going and return Faraday rotation

r\J|.

date E]utc E]mg E]pul ij_a_l_l_ E]spntterE]
1927] 18082012 82 2 130DGOOPK. |PEIL
[1929] 16082012 804 .-25. 128IDGOOPK.  PETIL | o
1937 18082012)  808] 23]  148DGDOPK  |PEIL | 1gg
2036) 18082012|  943] 21| 173DGOOPK  |PEIL | 4gn A A
9| teneaniz  94s 1 BDGIOPK  PEIL | 44 g1 A N\
2085| 180E2012. 983, 23, BADGOOPK  [PEIL | qpp |*" | [} F il \
2050) 180E20f2] %85| 22 BI|DGOOPK  PEIL | 1o | [ 1 / \
Q0EE| 18082012 97| 23] 74DGOOPK  PEIL | g ] I 1 s/ W \
2057|18082012) 989 21| S8DGOCPK  PEIL | o] ‘ P} . 1Y
20R0] 18082012 001 -2 59.DGOOPK  PEIL | 4o \
|2084] 16082012 1076 24| B2DGOOPK  PETL | 1] \
2088| Boeon2|  ioie| 200 e3peiopk  [PEIL | o W — A
12090) 18082012 1020 21 86| DGOORPK. |PEIL e @ o w w = & = = = = = = 5
2094 18082012 _1022_ 20 B5DCO0PK  PEIL M@ oo w8 g & B a2 M
D100] 18022012 {024 25 117|DGOOPK  |PEIL
Z105| 18082012 {026 20 87 DGOOPK  PEIL |
|2135] 18082012 00| 25| 134DGDOPK BRI | e T T e s e e e 1z 2 3 3 3 3 § 3
37| 16082012 1102] ]  AimEdes REIL | P A REE I RRMAININEIREB AR M IR G
2742|18082012 1104 23 14BDGOOPK  PEIL
2735|180s2012]  1112] 23 153DGOOPK  PEIL || 4o
2748| 18082012 1114 22 1B1DGOOPK  PEIL |
2757| 18082012] 1330 24| BB DGOOPK  PEIL | 3
D4DE| 18022012 1808 23 11|DGOOPK. |PEIL il iy
2412] 16082012 1510, 24 17DGOOPK_ PEIL | TWVW
241518082012 1512 25| 17DGIOPK  PEIL || 251N VAW -
2421) 18082012 1514 23] 15DGOOPK  PEIL |
24481 18082012) 1520 -22 |DGOOPK.  |PEIL || 30
2afE| 18052012 1522] 22 4DGIOPK  |PEIL
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Source:Radio Wave Propagation by Lucien Boithias, published by North Oxford Academic



Dynamic ionosphere: signal level fluctuations

In 2 m JT65B decodes we see fluctuation of the levels, showing both
medium term (4’-8’) ripple (2-3 dB) and long term (1-2 h) undulations (4-5 dB).
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Cannot be attributed to variation of attenuation. Most logical explanation

Is focusing or defocusing

in curved layers of ionospheric waves.




Dynamic ionosphere: signal level fluctuations

In 2 m JT65B decodes we see fluctuation of the levels, showing both
medium term (4’-8’) ripple (2-3 dB) and long term (1-2 h) undulations (4-5 dB).

Moon is wide 0,5 deg

Our antenna beam

is wide many degrees

Change of width

changes gain
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Cannot be attributed to variation of attenuation.

Is focusing or defocusing

Most logical explanation

in curved layers of ionospheric waves.




Rotation: Faraday effect

* In 1845 Faraday discovered that the plane of polarization of linearly
polarized light, traversing a medium, can be rotated by the application of an
external magnetic field aligned in the direction in which the light is moving.

An electromagnetic wave, crossing the ionosphere, will rotate by:
d=k*B*TEC/f?2 (rad), with:
B = Geomagnetic field component in Moon’s direction

TEC = Total Electron Content of the path
f = wave frequency



O=k*B*TEC/ f°

Band dependence , with same B and TEC:

50 MHz 90° 360° 2.25turns
144 MHz 10° 40° 90°
432 MHz 191 45  10°

1296 MHz 0°1 0°5 1°1
Evidently, Faraday is a concern mainly in VHF

Microwavers are concerned only by Spatial Offset

Polar polarization is the angle between an antenna and earth’s polar
axis.

Spatial offset between two stations is simply the difference
between the polar polarizations of the two stations.

For solving the algorithm we need sources for B and TEC



O=k*B*TEC/f?

From the web site of the British {j;;;;eP_;-Bjdj;ggjglﬂ T
Geological Survey, introducing

. ’7Dale (YYYY.YY OR YYYY-MM-DD)
Lat&Long of station,

Median Height of the ionosphere,
and Date, one obtains:

Total field F (nTesla
Inclination | (9
Declination D (°)
Magnetic latitude

east dowm

Down S‘;?;fﬂ“'r“ar aromirfvaar | arominfear nTAmar Thar nThear nThear nThyear

We need B, Geomagnetic field component in Moon'’s direction.

Vector F is defined by —Inclination and Declination.

Vector Moon'’s direction is defined by Azimuth and Elevation.

For projecting Field F on the Moon’s direction we need the angle FM
between these two vectors. Formula:
cosFM=cosl*cosD*cosEL*cosAz+cosl*sinD*cosEl*sinAz-sin I*sinEl

B=F*coskFM



O=k*B* TEC/f?

TEC (Total Electron Content) is measured in TECU (TEC Units) = 10'6 electrons/m?

The number of TECUs represent the total number of electrons present in a cylinder of
1 m? of section, crossing the ionosphere in the wave'’s direction.

We used data from the Royal Observatory of Belgium (ROB), in Dourbes , which
publishes VTEC histograms with values every 15’, and archives each day of the year.

Heiglht

The ionosphere cannot be defined by a number, :
since its density varies with altitude. ‘
A useful schematization is representing it by a slab — :
of uniform density. '
This slab represent the transformation of the real )

ionosphere in an equivalent ionosphere
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EC: From Dourbes to other places

Global VTEC Map

Total Electron Content (TEC) 2013-01-16 13:00:00 UT
-90" 0 90 180

* TEC Longitudinal variation: Global trend quite
regular and correlated to the local solar time

 TEC Latitudinal variation | -
The TEC value, varies non-linearly from the I S

poles to the equator (geomagnetic) o =
W|th the algonthm represen’ung th|S Curve, Institute of Communication and Navigation, German Aerospace Center (DLR)
introducing the Mag. Lat. of the station, \ |

we find the correction of Dourbes VTEC.

.
NIRRT

*Slant TEC JEEEET
Crossing the slab obliquely there are more electrons. VAGNETIG (ATITUDE. /%
Instead of Vertical TEC we must use Slant TEC.

TECU variation = 0,02*LAT?-2,5*LAT+95

Path

Earth

TEC = STEC = Ka*VTEC

With Earth radius=6367 km, lonosphere beginning at
100 km height, and h=Slab Thickness

Ka =(SQR((6467+h)2-(6367*cosEl) 2)-SQR(64672-
(6367*cosEl) 2))/h || of /]

lonosphere




d=k*(F*cosFM)*(VTEC*corr*Ka)/f 2

 We now have the data for the complete formula.
For 144 MHz, k/f°=1,14 with F in Gauss.

 Wave plane rotation is controlled by these variables:
O Angle FM between Geomag. field and Moon direction

N hemisphere:
cosFM ranges from O to -1

S hemisphere:
cosFM ranges fromOto 1

O TEC (constant or changing slowly, 100% to 30%)

 Moon elevation (slant passage Ka from 3.7 towards 1 )



First check, amount of rotation

We made an Excel sheet, and we got good congruence in the
majority of cases analyzed. Example:

:3_ | spotted locator lat long Corr ¥TEC x| Inclination] ] | F (Gawrs) ™™
4 |OXILX HP15EQ 65.6 -37.625 i}, 2 T7.51 0, 45387
5 | Date uTC Local time Decimal [AZ[] El spatead (-} ¥TEC-DRBS | ¥TEC (TECU)
B | August 3, 2012 008 21:19 21,32 134 7 14,3 9.4
T4 .45 2157 21,95 143 3 13,65 3.2
Gamm. Latitwds | Declination] 1} s Eonline Coni Lativade | Dourbes
70,13 -22.991 WWLOC converter | Kp= 3 quiet
h (Km) Ka A ey F (Gawrr) 8147 PO
=00 343 0,070 042387 -108, 72 Fa44
200 3,30 0,067 042337 -160, 75 6,35
7 | Spoitter locator lat long Corr ¥TEC 2| Inclination]) | F{Ganrs) ™"
12 IKIUWL JHIIVT 43,84 .79 0,2 59,45 -0, 41456
13 | Date uTC Local time Decimal |[AZ[] El sputead (-} ¥TEC-DRBS | ¥TEC (TECU)
20 [AugustZ 20zl 008 0:20 24,35 173 36 12,35 133
Mgl_ | 0.4E 0:53 24,98 140 36,00 L 13,2
Gamm_ Latiteds | ODeclination|]
44,46 .953
h (Km) Ka A (48] F (Sausr) & (%) P[]
200 159 0.0g2 -0, 41455 BO02E3 829,27
200 1549 0,074 -0, 41455 482 63 -g2.70
Resumes
stage uUTe |Deles (-3 | ifF cale. | Beal
tstinereal | 008]  sEp[ reer| 7
(LD T




Common-moon pol. total trend

Having now confidence in the basic correctness of formula and correction
coefficients, we proceeded to build a new Excel sheet,
covering the entire common-moon period.

Partial checks were possible using the LiveCQ decoded periods.
Example: SPAMPB spotted by PA3FPQ, total pass:

Date Call Loc. Lat. Long. [Lat. mag.| Corr. Day Corr.night F Incl. Decl. Locconv. |Copu. Lat| Calc. F |Dourbes
1BH2{2012| SF4MPE EOO3HT 53,81 20,63 50,65 0,93 0,20 044958 E8.7T 454
Ut 2al time. fref. DRE] Az EI[] b [km] Ka WTEC Drb= Coorr, ¥TEC loc. STEC cosFM Hot. 7] Fotlrad] Orffzet P1 F1[0120]

10.00 11.04 129 8.3 187 364 15,52 0,45 14,24 51,84 -0,3367 -B12E -3,95 E1E ELE
1030 124 125 e 185 327 15,00 0458 1272 44,79 -0.4171 5487 -0.88 E45 E45
.00 12.04 12 4.5 1532 2,95 14,08 0,45 12,80 37,78 -0,4912 -546,0 -8.51 B0 E&.0
1.20 12,34 1449 7.0 182 270 1282 0,45 1254 33,80 -0.5543 -B514 -8E3 T FaNs
12.00 13.04 156 19,0 152 2563 13.68 0,45 1240 31,36 -0,6042 -666.5 8,71 75,5 7.5
12.30 12,24 163 20,6 185 240 1268 045 1240 29,74 06435 -BE2.1 -84 Ta.T a7
13.00 14.04 71 217 187 232 1410 0458 1282 29,72 -0ETIE -BOE4 -10.23 245 245
13.30 14.34 178 22,2 197 2,28 121 0,45 10,83 24,E6 -0,7083 -512.4 -3.95 88,8 88,8
14.00 15.04 186 221 201 228 1053 045 9.25 21.07 -0 E3EE 4249 -T42 -BE4 938
14.30 15.34 193 218 22 23 10,55 0,45 9,27 21,40 -0,E7E 4242 =740 -g2.z 7.8
15.00 16.04 201 20,3 269 238 10,00 0,45 8Tz 20,60 06495 =3930 -E2E =TT 4 1026
15.20 16,234 208 187 207 245 L] 048 BBl 1617 -0E129 -291.0 -5.08 -T34 1066
16.00 17.04 215 16.5 326 2,63 E32 0,33 5,38 13,95 -0,5641 -2311 -4,03 -E4E 10,4
1620 1724 222 4.0 369 278 B.2E 020 469 12,89 05045 1910 =333 -EE 129
17.00 15.04 229 1.0 406 295 447 0,20 340 1,51 04317 -145.3 -2.56 -E28 Nz
1730 18,234 235 T.T 47 .20 463 020 406 12,99 -0.23538 -135.0 -236 -E0.2 nag
15.00 19.04 24 4.2 432 3.4 4,34 0,20 377 12,84 -0,.2686 -101,3 T -53.0 1220
18.20 19.24 247 g 451 248 2485 020 338 NF7 -0,1804 -E24 -1.09 -BEA 1239

36 Date Nomin Loc. Lak. Long. [Lat. mag.| Corr. Day Corrnight F Incl_ Decl. Loc cony, Cony. Lat Calc F Dourhes

37 | Iehzizoz|PAIFFPQ JOZZHE 52,19 5.A5 50,61 093 0,20 -0.43860 EED2 023

a8 |

39 Ut caltime(ref. DRE] Bz [] EI[] b [km] Ka WTEC Drbs Corr, ¥TELC loc. STEC cosFM Fiot. [1] Fiotfrad] Qffzet P2 | P2(0,130]
10.00 10.05 1E 2.0 192 4,21 14,74 0,45 1348 5E.7E -0,2023 29,0 5,74 56,4 66,4
1030 10,38 122 5.2 187 282 1605 048 474 58,16 -0.2974 4956 S5 5T.E a7.E
1.00 11.05 128 9.4 187 3,52 15,52 0,45 14,26 50,13 -0,3364 5666 4,70 E01 E01
1.20 1.38 125 128 125 312 15,00 0458 12.74 42,98 04725 519 10,16 B34 B34
12.00 12.05 Al 15,8 1532 282 14,08 0,45 12,82 36,10 05427 5613 9,80 EE.E EE.E
12.30 12,28 144 184 a2 258 1282 048 1256 32,38 -0E05E BEL2 4,749 ro.4 To.4
13.00 13.05 155 20,6 1532 240 13,68 0,45 1242 29,82 -0,6558 5E0.2 9,78 745 745
13.20 13.38 163 223 125 228 1268 0458 1242 28,27 06956 BE34 983 a4 o4
14.00 14.05 170 23,58 187 2.20 14,10 0,45 12,84 28,26 -0,7139 6826 10,17 83,7 83,7
14.30 14.38 v 240 187 217 1211 048 1085 23,49 0.7 Hg 4926 .50 aar a7
15.00 15.05 136 24,0 201 2,18 10,53 0,45 927 19,99 -0,7304 1134 ¥.30 -36.2 938
15.20 15.28 193 233 221 219 1053 0458 9.27 20,29 -0.7151 456 T.258 -9 g1
16.00 16.05 20 220 269 2,28 10,00 0,45 274 19,E6 06344 3864 E.r3 -7E.A 03,1
16.20 16.25 208 20,3 207 233 L] 048 EE3 15,44 06444 2862 4948 ) vz
17.00 17.05 215 18,0 326 248 E32 0,33 5,39 13,37 -0.5305 2262 3,95 -E3.8 m.z
ir.z0 1738 222 15.4 369 264 B.2E 020 4,70 12,40 -0.5258 1268 326 -E51 14,9
15.00 15.05 229 12,3 406 288 447 0,20 39 112 -0,4483 1428 2449 -E17 18,3
18.30 18,38 235 24 47 21 463 020 407 12,64 -0.2685 1324 pole] | -Ba0 1210




POL trend: SPAMPB spotted by PA3FPQ

16-12-2012 — 1000 km ENE of spotter
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Pol trend: I2FAK spotted by PA3FPQ

1/12/2012 — Contest ARRL — 828 km SSE of spotter
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Pol. trends as function of direction

o Spotter IKLUWL (Band 144 MHz - Dec 19, 2012 — Moon 11.00 — 23.00 UTC)
« All graphs computed for stations in a rose of directions
d=k*(F*cosFM)*(VTEC*corr*Ka)/f 2
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Pol. trends as function of direction

« Spotter IKIUWL (Band 144 MHz - Dec 19, 2012 — Moon 11.00 — 23.00 UTC)
« All graphs computed for stations in a rose of directions
d=k*(F*cosFM)*(VTEC*corr*Ka)/f 2
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Pol. trends as function of direction

Westward stations
1sthour: They have MR,
My Moon higher.

Their cosFM dominates.
Pol decreases.
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Spotter IKLUWL, (Band 144 MHz - Dec 19, 2012 — Moon 11.00 — 23.00 UTC)
All graphs computed for stations in a rose of directions
d=k*(F*cosFM)*(VTEC*corr*Ka)
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Conclusions

e QSB of JT65 decodes:

Is caused by focusing or defocusing of our beam going through the waves of
the windy ionosphere.

« Faraday rotation:
There are three phases in a Moon pass:
1 - In the first hours after Moon rise the rate of change of polarization is high.

Causes:
a) — change of angle FM between Moon direction and magnetic field
b) — change in length of ionospheric crossing (slant coeff. Ka)

2 — In the central part of Moon pass changes in angle FM and coeff. Ka
balance each other, so polarization changes depend mainly from ionospheric
evolution (of Total Electron Content)

3 — In the last hours before Moon set the rate of change of polarization is high
for the same causes of phase 1
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