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The Swarm-E/e-POP satellite has an elliptical (325-1,500 km), polar (81° inclination) orbit and consists of eight
scientific instruments dedicated to improving our knowledge of near-Earth space. The Radio Receiver Instrument
(RRI) on e-POP can be configured as a perpendicular 6-m dipole pair [1] and provide observations on the polari-
zation state of transionospheric HF waves. The received Faraday rotation of radio waves has been modeled [2]
and extensively used to derive different ionospheric parameters. However, the investigations on radio wave ellip-
ticity are limited [2, 3], and their observed variations need an explanation. In particular, the RRI observations
have consistently shown circularly polarized radio waves to the north of ground transmitters (Saskatoon Super-
DARN and HF transmitter at Ottawa, Canada) even when the wave propagation was transverse to the local geo-
magnetic field. Figure 1 shows a representative case of such observations.

This presentation addresses these unexpected observations of radio wave ellipticity using coordinated experiments
between the RRI and the SuperDARN radar at Saskatoon, Canada (52.16°N, 106.53°W). In addition, a model [4]
is used to calculate the expected relative strength of the individual wave modes (Ordinary-O and Extraordinary-
X). Results show that the final wave becomes circularly polarized even when propagation is not transverse to the
geomagnetic field provided one wave mode (O- or X-mode) dominates over the other by ~10-20 dB. These new
findings improve our understanding of the polarization state of transionospheric radio waves by utilizing the el-
lipticity polarization state of radio waves, complementing the Faraday rotation observations from the orientation
angle observations which have been extensively used.
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Figure 1. A representative case (19 April 2017) when circularly polarized waves were observed by the RRI even
though the radio wave propagation was not transverse to the geomagnetic field. The black dot denotes the time
when the e-POP satellite was closest to the ground transmitter.
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