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INTRODUCTION

Antarctica has been home to a multitude of science
experiments which have used RF to study the unique
natural environment.

* Remote sensing techniques using the HF portion of the
band have a rich history in the region and are still used
today.

» A strong focus has been placed on studying
transcontinental HF propagation characteristics and
conditions.

These studies are important for optimizing HF-based
remote sensing techniques as well as communications.
Less attention has been paid to intercontinental HF
propagation conditions.

MOTIVATION

* What are the potential science cases for HamSCI activities
in Antarctica?
In particular, what are the potential science cases for
studying space weather effects in the region using HF
signals of opportunity?
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Figure 1: 20 m (14.010 MHz) communications captured at McMurdo Station
(KC4USV) on December 27, 2014. Outgoing transmissions are coherent
and at a constant frequency while incoming transmissions are dispersed

and show strong variability, especially in the first 30 seconds (highlighted).

KC4USV OBSERVATIONS

Smoothed Freqgency Variation of Received CW Transmission at KC4USV
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Figure 2: The peak received frequency captured at McMurdo Station on
December 27, 2014 (the first 30 seconds of Figure 1), smoothed using
Savitzky-Golay filter with a 0.92 s long window.

_ B(1)
e L[ 2y 20,40

2|y o ot ot

n(A)| (1)

* Equation (1) from Ponomarenko et al. (2009) describes the
Doppler frequency shift between transmitter 4 and receiver
B.

* First term 1n square brackets describes temporal variation
of index of refraction n (a function of plasma density
along ray path).

* The other two terms describe the motion of the
transmitter/receivers.

* Strong temporal variations in the index of refraction (first

term) 1s responsible for strong frequency variations.

* Otherwise either recerver/transmitter would need to be
moving 1000s m/s.

* Receiver (B) definitely stationary; likely the case for
transmitter (A) as well.

* Culprit could be auroral precipitation along the ray path.

* This mechanism has been proposed to explain similar
signatures observed in HF radar data, e.g., Scoular et al.
(2013).

* This method only had temporal resolution of the order of
minutes.

HE NUMERICAL RAY TRACING

Figure 3: PHARLAP numerical ray trace simulation with foot-points of all rays
included (red, left) and only rays with foot-points outside of 60°S (black, right).
All rays originate at McMurdo Station.

Day/Night Terminator
07:46 UT - December 27, 2014

* Figure 2 shows foot-points of HF rays simulated in
PHARLAP, a numerical ray tracer (Cervera & Harris, 2014).
e 3-89° elevation 1in 0.87° increments; 0-360° 1n 0.72°
increments at 14.010 MHz with IRI 1onosphere.
» The absorptive properties of the Antarctic Ice/Snow to HF radio
wave, we can constrain the likely origins of intercontinental HF
radio waves shown 1n Figures 1 and 2.

CONCLUSIONS

* Antarctica offers a rich variety of science opportunities for
HamSClI.

* The deployment of a passive HF receiver at McMurdo should be
considered to study the space weather effects on intercontinental
HF radio wave communications and propagation.

* The absorptive effects of the Antarctic 1ce allows one to
constrain the geolocation of incident HF signals.
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