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Our Excel sheet

Steps: 1 2 3
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Vertical Total Electron Conlant in DRES
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1 Data Nomin \ Loc. Lat. Long. |Lat. ma T orr. Day ‘/Enlr_night F Inel. Decl

2 202012 [ SP4MPE N‘;IIZISHT - ) 20,63 0,65 i[l,ﬂﬁ 0,20 044953 BTV 454
]

4 LTIZ Oraloz(rif. DRES] A2 (] EI] h [km] Ka WTELC Orb= Corr. ¥TELC loc. STEC cosFL
] 10.00 .04 129 4.3 1537 3.64 15.52 0,45 14.24 51,34 -0,3367
B 10.30 .34 135 1.5 135 3.27 15,00 0,45 13,72 44,79 -0.4171
T 11.00 12.04 142 14.5 192 245 14,02 0,45 12,20 3778 -0.4912
2 11.:20 12,34 143 17,0 192 270 13,22 0,45 12,54 32,90 -0.5542
a 1200 1304 156 18,0 182 253 13,68 0,45 1240 e e -0,6042
10 12,30 1334 162 20,6 185 240 13,68 0,45 1240 28,74 -0.64:35
1 1300 14.04 171 21,7 187 232 14,10 0,45 1282 29,73 -0,ET1E
12 13,30 1434 ira 22,2 197 228 1211 0,45 0,83 24,66 -0, 7083
13 14.00 1504 186 221 201 228 10,53 0,45 9,25 21,07 -0,62EE
14 14.30 15,34 193 215 221 2,3 10,55 0,45 9,27 2140 -0,6751
15 15.00 1604 201 20,3 269 236 10,00 0,45 a7z 20,60 -0,6495
18 15.30 16,34 203 18,7 307 245 T4 0,45 E,E1 1617 -0,6129
17 1600 1704 215 16,5 326 254 B2 0,33 5,38 13,95 -0,5641
14 1630 17.34 222 14,0 369 270 5,26 0,20 4,69 12,29 -0,5045
19 .00 1504 229 1.0 40E 2495 447 0,20 340 1,51 -0,4317
20 17.30 18.54 230 T.7 H7 320 4,63 0,20 4,06 12,99 -0,3538
P 15.00 19,04 24 4.2 432 3 4,34 0,20 3,77 12,84 -0,2686
22 15,30 19.34 247 0.8 451 348 3,95 0,20 3,38 177 -0,1804
29




Results for each station

SP4MPB (tx)

PA3FPQ (rx)

Rotaz. ['] FRokaz, [rad] Ozt F1 Rataz. [ Fotaz.[rad] Offset P2 | FP200,180)
-512.6 -3,35 ElE -323,0 -B,74 B5.4 854
-548,7 9,52 E4.5 -496 -,66 Y E Y E
-545 0 -3,51 E2.0 -G06 .6 -3,70 0,1 0,1
-651,3 -3,63 1,7 -051,3 -10,1E B34 B34
-5EE5 -3,71 5k -hE1,3 -3,20 EE,E EE,E
-BE2 1 -3,21 a7 -BE1,2 -3,74 74 704
-5EE 4 -10,23 245 -AE0,2 -3, 78 745 4.5
-612,9 -3,96 288 -GE3 4 -3,83 734 9.4
-424 9 -7 42 -2E 4 -G8 E 10,17 83,7 83,7
T -7 .40 -5, 432 6 -5,610 88,7 84,7
-333,0 -B, 26 -f7 4 4134 -¢,30 -26,2 238
-291,0 -5,02 -r34 -415 6 -7,25 -21.4 ag.1
-231,1 4,03 -E4.E -386.4 -E, 73 -FE49 1031
-191.0 -3, 3 -6, 1 -286,2 -4,98 -7 28 1072
-145,9 -2,056 -62,8 226,28 -3,35 -68,8 M,z
-136,0 -2, 36 -B0,2 -1, -3,2E -B5,1 1149
-101,3 -177 -68,0 -142.8 -2,44 -61,7 18,3

-E24 -1,03 -0E,1 -132.4 -2, -24,0 121,0

Wave going up

Wave coming back




Final results In 2 m
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Chapter ||

Using this Excel sheet library, we intend to expand on the
polarity issue for the four V/UHF bands.

Polarity of an incoming signal is the sum of Spatial Offset
and Faraday rotation.

Spatial Offset is dependent only on the relative location
of the stations.

Faraday is dependent on frequency, ionosphere’s density,
and on Moon'’s position.



From our library: Spatial Offsets

* SPAMPB rxed by PA3FPQ on 2 m: Calculated Polarity

UTiC Somma ot F1-FP2 1 |Fol Cale.
10,00 -842 E.2 -836 .4
10.30 1044 E.4 SI037.3
1.00 -1 7.8 S1092.8
1130 -1134 8.3 11265
12.00 -11a X 1105, 7
12.30 1123 4.3 -1114,0
13.00 1147 10,0 11366
13.30 -107E 3.4 -106E.9
14.00 -1007 4.4 -947E
14.30 -7 =R -407.7
15.00 -&11 8.8 -B02.6
15.30 -Fa7 .4 -BHE.2
16.00 -B17 T -B0S,2
16.30 476 E.7 -4E5.5
17.00 -372 E,0 -3EE,1
17.30 -3z 4.8 -31E.9
15300 -244 37 -240.4
13.30 -195 2.8 -191,3
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* With a simple shift: Spatial Offset between SP4MPB and PA3FPQ
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_LLITC nJSDmma okl -F"1-F"2 [ iF'-crl. Calc.
10.0 -842 E.2 -B36.4
1030 -1044 =R 10373
11.00 -1 V.8 -108z.8
1.30 134 8.3 -26.5
12.00 -3 a1 sy
1230 -N23 9.3 11140
13.00 147 10,0 1366
1330 -107E 9.4 -10EE.9
14.00 -10a7 2.4 -987.E
14.30 =917 a1 -907.7
15.00 -811 8.8 -B02.E
15.30 =77 5.4 -BAE.2
16.00 -E17 7.3 -E09.2
1630 -47E E.7 -469.5
17.00 -372 .0 -3EE,1
17.30 -2z 4.8 -316.9
15.00 -244 37 -240.4
15,300 -185 T E.BT -191,9
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- N
Spatlal Oﬁset . Angle between earth’s axis
and polarization vector
/&
P=Polar offset oo
S

From a paper of N1BUG:
P=arctg((sinLat*cosEl-cosLat*cosAz*sinEl)/cosLat*sinAz)

Spatial Offset = P1 — P2

Same for all bands, variables are Lat, Az, El

Spatial Offset increases with distance

SP4MPB 1000 km east of PASFPQ  TI2SW 9000 km west of IKUWL

from 2°,8 to 10° from 74° 8 to 117°,7
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Offset: change with distance and direction

Northern stations

Southern stations
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From our library: Conversion to other bands

* In our sheet, column L (Rotaz. °) calculates the
Faraday rotation: 1,14*F*cosFM*STEC

s k/f2 for 144 MHz (with k=2,36*1016)

* One needs only to substitute 1,14 with the coefficient
for another band:
6m 2m 70 cm 23 cm
9,46 1,14 0,127 0,0123

* Qur library gets quadrupled.

¢ =1 1452 K5 J5%5T 3 )

¢ D E F G H | J K L

omin Loc. Lat. Long. |Lat. mag.| Corr. Day Corr.night / F \ Incl. Decl. Loc conv. |
VIPB KOO3HT 53,81 2063 50,65 0,93 [};2[}\ 0,44958 68,77 4 54

/ \
it DRBS)|  AZ (°) El (%) h (km) Ka VTEC Drbs Carr. VTEC loc./ STEC cosFL \( Rotaz. (°) |

11.04 129 8,3 187 3,64 15,52 0,45 1424\ 51,84\ -0,3367 0126




4 bands (6 m,

Total rotation
(Faraday +
Spatial Offset)
for SPAMPB
received by
PA3FPQ on four
bands.

Big polarity
changes only in
the VHF bands.

Note: curves refer
to an unperturbed
ionosphere

2m,70cm, 23 cm)

Rotation (°)
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VHF bands, unperturbed ionosphere

* In VHF, polarity is determined mainly by Faraday rotation which is
much bigger than Spatial Offset .

. ® = (k/f?) * (F*cosFM) * (k,*VTEC)
« Factors influencing Faraday
« Band (rotation inversely proportional to f2)

* During the Moon Pass (for an unperturbed ionosphere):

e 0O0<cosFM <1 since 90°> FM > 0°
« 1<k,<3,7

« 4 < Vertical Total Electron Content <40 TECU (107° electrons/m?)



VHF bands, turbulent ionosphere

*  Superimposed on the average evolution of Faraday rotation during a Moon pass, there
can be a more quicker fluctuation due to the effect of ionospheric winds and plasma tubes.

*  Winds cause undulations and waves (TIDs), so free electron density varies in space and
time, causing rotation fluctuations.

« Australian scientist of the University of Sydney , Cleo Loi, has made the very interesting
discovery of plasma tubes in Earth's magnetosphere. These structures are important
because they cause signal distortions that could affect trans-ionospheric communication

Recent discovery of Plasma tubes
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VHF, 50 MHz band Ts 3600 °K

2000
|:| -~ - - - - — — _ _ Y . _— =’

200 Calculated Pol. 50 MHz ' e
Faraday rotation

4000 - Spatial Offset

5000 1

-6978 _

56°/1"
5000 1 X
8658, 2 /1 L
-10000 _qlﬁnﬂ

- Faraday rotates thousands of degrees, so spatial offset is negligible




Effect of rotation speed on a JT65 gso

Hypothesis: signal level 3 dB
above minimum decodable
when polarity 0°

With polarity 90°

decode not possible

With polarity 45°
degradation is 3 dB

So only when polarity is
between 45° and -45°
decode is possible.

How many 1’ periods occur
in 180° of rotation?
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4
90°
45° 4 ~-
45°/1’ - L
-45° + -3 dB thresheld— —~sg -
90°+
Pol.
90° “\&
b
45° + =- —+ — S .. -3 dB threshold -
o
220,5115 | | \.\ Tx 5 Rx : Tx i Rx R
° 3 o e ‘x_‘m_,m g = ‘,"’”*"*'""'E* g
180°/8 Tx Rx Tx Rx . I :2 [ E
3dB threshold— .. — L - 4
SN
i !
90°+ \




VHF, 144 MHz band Ts 300 °K

Near station (1000 km)
SP4MPB — PA3FPQ

Far station (9000 km)
TI2SW — IK1UWL

200

-1400

-200 1
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-1200 4

Calculated Pol. 144 MHz
Faraday rotation
Spatial Offset

UUUUUU
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“Te 8 g ¢
E o = 1___;&,...——"""1
Pol. rofation at 144 MHz
Faraday rotation
Spatial Offset
V. v
H H

Faraday rotates hundreds of degrees, so overrides spatial offset

also when it is big due to distance.

V-H-V transitions with typically a 30 to 60 minute period.




UHF bands

In the UHF bands the
dominant factor becomes
spatial offset, which can reach
and pass half turn (in which
case the supplement counts

since phase does not count) .

Distance between stations has

the biggest influence.

Rotation (°)
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UHF, 432 MHz band T1s85°k

degrees, and is comparable to
spatial offset.

Spatial offset is the biggest
factor for far stations.

V-H-V transitions are few and
far apart.

-150

Near station Far station
20 00
® 8§ ®§ g % 8§ 8 8 8 8 & &
Mes e aaeaasesssqasnsasl |
S gl D I e - D I, U T N s w
ol Calculated Pol. 432MHz =
Faraday rotation A0 \
7 — -----Spahal T Boll ruiston 2t 4T Nk
g . sl Faraday rotation
PoI rotation at 432 MHz o e o e s e _SEaltl_aI_C_)f_fs_eE _______________
Faraday rotation e T i I T DRI, ooy RO
) N ——————” " Spatial Offset
SP4PMB — PA3FPQ 1000 km TI2SW — [IKTUWL 9000 km W
Faraday rotates only tens of Pol. rotation at 432 MHz
150 - Faraday-rotation

Spatial Offset

Z760B — IKTUWL 8000 km S




UHF, 1296 MHz band Tse68 °k

Near station

Far station

Calculated Pol. 1296 MHz
Faraday rotation
Spatial Offset

SP4MPB — PA3FPQ 1000 km

Faraday rotates only some

degrees.
Spatial offset becomes the
dominant factor.

If circular pol. is not used, some
control of polarization is useful.

20
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UHF, 1296 MHz band Ts68 °k

Northern stations

500 150
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VHF/UHF bands overview

VHF bands are dominated by Faraday, UHF bands are dominated by
Spatial Offset

Going from 6 m to 23 cm, polarity changes with decreasing speed.

From peaks in the order of 1200°/h on 6m (because of Faraday), we tend
towards 10°-20°/h on 23 cm (due to Spatial Offset).

So when single polarity of the receiving antenna is in use, favorable and
unfavorable periods increase in length and decrease in number.

Our Excel sheet has allowed us to give numbers and orders of magnitude to
characteristics qualitatively known of these bands for single polarity
antennas.




Chapter Il - 2016 Chapter | - 2014

 Thanks for the attention.

* We are glad meeting
you all again.




