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Mode Reqguirements

1) High sensitivity (Pactor has -18 dB S/N
sensitivity - inaudible)
2) Provide accurate time delay readings
(Pactor accuracy'i1s 0.625mS)

3) Provide accurate relative Doppler shifts
(Pactor accuracy Is 35mHz)




HF Station Requirements

Consistent readings from HF transceivers
(ICOM-746 and Rohde-Schwarz XK-2100)

Highest gain with minimum directivity
Base stations utilized Zepp antennas

Mobile stations utilized all-bander SG-303
verticals with SG-231 autotuners




Establishing a Pactor Contact
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Master station ae4tm-1 sends a connect request to a
monitoring slave station, e.g. C ae4tm-2.

If heard by slave station ae4tm-2, an “ack” is returned.

The Pactor controllers begin error free CRC
handshaking.

The propagation time delay is recorded for error
corrections (this data is available for propagation time
calculations).

The relative frequency difference is updated with each
packet burst for the error correction (this data is
available for experiments).




Calculating Propagation Distance

Must subtract time delay from the station
electronics: typical delays ~ 55mS.

Delay (mS) = 21mS + CSD(mS) + IRD,, + IRD,
Typical IRD = 3.0mS (SSB IF) —4.5mS (CW IF)
D (miles) = 186 mi/mS Xt (mS) / 2 (full distance)
D (miles) = 186 mi/mS Xt (mS) / 4 (radar mode)

\ Doppler = (C / 2) X (Af / f)
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Propagation Times

Surface Distance vs Propagation Time
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Kapuskasing SuperDARN Station




ldeal lonogram

Ideal lonogram
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Interpreting lonograms

Nax = 1.24 x 10%° (f,2 + f f ) m=3, where
N, IS the peak electron density per m=3,

f, Is the frequency in MHz, and
f is the plasma frequency (=~ 10° st — 107 s1).

Note: *_ represents the ordinary and extraordinary modes.




foF2 Maps
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Frequency Dependence of HF Blind Zone

Frequency Dependence of the Blind Zone
[f,F3=3.0,55,7.3,11.0,14.1,13.4 (backscatter)]
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HF Backscatter (“long skip”)

12m Backscatter Observed on 10-Feb-2002
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Backscatter Range vs Wavelength

Backscatter Range vs Wavelength on 3-Feb-2002
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Direction to Backscatter Source

Doppler Shift vs Mobile Direction
(26-Jan-2003; 8-Feb-2003; 23-Feb-2003)
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Auroral Oval and Backscatter

STATISTICAL AURCEAL OWel
Extrupaloted from WNOAA—TD

Scenario 1




Source of Backscatter lon Clouds

17 Mow 2003 135000 UT
+2

aPL MODEL
0=<BT=4
{archive) 1.6 . . Bz+

SuperDARN b )
JHUPAPL.Software by ROLBaFRes http:fisuperdarn.jhuapl.edu

Animation: http://ecjones.org/_backscat/Nov1l7 2003 bKksct.c




Auroral Images (Fairbanks AK)




Seasonal Pattern for Backscatter

Occurrence of HF Backscatter in Solar Cycle 23
Backscatter Study Perlod
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Backscatter with SuperDARN

Large Scale Travelling lonospheric Disturbances (LSTID's) Moving Equatorward During Periods of

Goose Bay Frequency: | [
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HF Backscatter as Observed from the Middle US Latitudes
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Backscatter and TID’s
(Travelling lonospheric Disturbances)

Doppler Fluctuations of 20m Backscatter Fourier Analysis of 20m Backscatter
(30-Nov-2004) {30-Nov-2004)
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Atmospheric Gravity Waves (AGW)




HF Doppler Study




HF Doppler Fluctuations

Doppler Fluctuations of 40m E-W Link Fourier Analysis of 40m E-W Link
{(11-Apr-2003) {11-Apr-2003)
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Doppler Shifts in Obligue Links

Doppler Variations in an Oblique Pactor-2 Link
(Z0m day, 30m night, and 40m night)
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Determining the O Hz Doppler Shift

Doppler Variations in an Oblique Pactor-2 Link
(Sinusoidal Fit)
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Determining the TID Velocity

Middle Latitude AGW vs Auroral Activity Levels

{auroral energy & measured AGW data)
31-March-2004 to 1-April-2004
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Doppler Shifts on 80m

Doppler Fluctuations (80 meters)
September 13-16, 2004
(daytime & nighttime)
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Calculated Vertical Velocities on 80m

Vertical Doppler Velocities (80 meters)
September 13-16, 2004
(daytime & nighttime)
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Integrated Reflection Altitudes on 80m

Doppler Fluctuation Study (80 meters)
September 13-16, 2004
{(Integrated 80m Reflection Altitudes; n=1 hop)
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Doppler Shift Variation over a 12 Day

Period (April 14-26, 2004)

HF Doppler Study {(April 14-26, 2004)
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Integrated RF Paths over a 12 Day

Period (April 14-26, 2004)

HF Doppler Study (April 14-26, 2004)
(day-F2 & night-F & Virtual Distance)
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lonosphere Refraction Distance

(April 14-26, 2004)

Estimated lonospheric Refractive Distance
(day-F2 & night-F) © E.C. Jones
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HF lonospheric Refraction

lonosphere




Doppler Shift Variation over a 12 Day

Period (October 19-31, 2006)

(day 40m & night 80m)

Average solar wind speeds (km/s)

HF Doppler Study (October 19-31, 2006)

SFl ~ 70-76. Planetary-A ~ 1-21. X-ray flux ~ A1-A8.

day of month (UTC)

2'2 289 372 479 5956 499 453 438 J66 309 380 919 3910
N P: " * |high solar
L T . : - |wind densi .
'E - £ _.
S =
[ + +
Q . . i b . .
Q :
& 05 h IIH 4"_: ﬁ _ W lﬁ
Q 40+ . i .

15 - CH244 CH245

19 20 21 22 23 24 25 26 27 28 29 30 31




Solar Wind Effect on HF Doppler Shifts

Solar Wind Effect on HF Doppler Shifts
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Introducing Radiation Detectors to Study

e PM1621A: GM Tube, 10 KeV - 20.0 MeV, and
10s response time

e PM1703MA: CsI(Tl, 33 KeV - 3.0 MeV, and
0.25s response time
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Effect of Altitude on Background
Radiation (Lat 35°)

Dose Equivalent Rate vs Elevation
(10 keV - 20 MeV)
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Solar Wind Interaction with the lonosphere

Background Radiation vs HF Doppler Shifting
(v energy range 0.033 - 3.0 MeV)
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Moreton Wave 5-Jul-2006 (X6.5)
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Source & Animation:
http://www.heliotown.com/Radio_Sun_ Introduction.html
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HF Effect from X-Ray Flare

HF Doppler Study (April 15, 2004)
M1.2 X-Ray Flare
(80m, 30m, and 20m)

SFI=96.7 M1.2 flare
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Summary

 First joint study between amateur radio
and SuperDARN OTHR program.

* Doppler fluctuations reveal movements of
TID’s as well as the rise/collapse of the
lonosphere during the day.

e Background radiation measurements
suggest that the solar wind is impacting
the atmosphere ~50km (~30mi) after
initially impacting the F-layer.
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