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Methodology

Station PL610

Subband 167 (32.617 MHZz)

Sources: Cas A & Cyg A

Offset calculated with respect to catalogue

postitions

Sky image for PL610LBA
SB 167 (32.6 MHz), 2023-07-05 00:00

Sky map obtained at station PL610.
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Position fit

Center of CasA radio source

The calculated brightness distribution can be fitted
with the 2D Gaussian function defined above. The
parameters px and py can then be interpreted as

the apparent position of the radio source. ! E‘
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A - amplitude
Ox, Oy — distribution width
Ux, My - position of the maximum Catalogue position and fitted solution for CasA in |I-m

projection coordinates. The yellow arrow indicates the
positional offset.



Source shift - amplitude
modulation

According to our assumption that
electron density gradients in the
ionosphere are responsible for the
apparent shift of the source position,
they should also give rise to
amplitude modulations associated
with ionospheric scintillations. We
present a comparison of the position
offset and the signal amplitude in

the 14-70 MHz range, recorded A e Sy
- . 22: DD 22 15 22 30 22 45 23 DI‘J 23: 15 23 3[] 23 45 (}D 00
simultaneously at the PL610 station. Time (UTC)
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Statistical analyses

Alt-Zenith angle polar plot (radius = elevation) Culmination times in Borowiec (UTC), year 2025 (mid-month)
Borowiec, 2025-06-30
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(left) Daily variation of azimuth and zenith angle for CasA and CygA observed from Borowiec PL610;
(right) UTC culmination times of CasA and CygA as a function of month



Annual observation CasA
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CasA: Aalt vs time from culmination
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CasA: Separation vs time from culmination
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CygA: Aalt vs time from culmination
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Two-mothly median value

Aalt [deg]
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CasA: Aalt [deg] median vs time (2-month bins)

Feb-Mar {culm 11:36 UTC)
Apr-May (culm 07:36 UTC)
Jun=Jul (culm 03:36 UTC)
Aug-5ep (culm 23:33 UTC)
—— Oct-Nov (culm 19:29 UTC)
Culmination (ref)
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CasA: Aaz [deg] median vs time (2-month bins)
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~ 75% quantile (year)
—— Dec-Jan {culm 15:28 UTC)
—— Feb-Mar (culm 11:36 UTC)
—— Apr-May (culm 07:36 UTC)
—— Jun=Jul (culm 03:36 UTC)
—— Aug-Sep (culm 23:33 UTC)
—— Oct-Nov (culm 19:29 UTC)
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CasA: Separation [deg] median vs time (2-month bins)

- 25% quantile (year)

- 75% quantile (year)
—— Dec-Jan (culm 15:28 UTC)
—— Feb-Mar (culm 11:36 UTC)
—— Apr-May (culm 07:36 UTC)
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—— Aug-Sep (culm 23:33 UTC)
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CygA: Aalt [deg) median vs time (2-month bins)

25% quantile (year)

75% quantile (year)
Dec-Jan {culm 12:05 UTC)
Feb-Mar {culm 08:13 UTC}
Apr-May (culm 04:13 UTC)
Jun=jul {culm 00:13 UTC)
Aug-5ep (culm 20:09 UTC)
Oct-Nov {culm 16:05 UTC)
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Cygh: Aaz [deg] median vs time (2-month bins)
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CygA: Separation [deg] median vs time (2-month bins)
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—— Feb-Mar (culm 08:13 UTC)
—— Apr-May {culm 04:13 UTC)
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—— Aug-Sep (culm 20:09 UTC)
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Value near culmination during year

CasA: Separation [deg] median at +0h from culmination

CygA: Aaz [deg] median at +0h frormn culmination
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CasA: Aalt [deg] median at +0h from culmination

CygA: Separation [deg] median at +0h from culmination
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CasA: Aaz [deg] median at +0h from culmination
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CyaA: Aalt [deg] median at +0h from culmination
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Separation between the measured and calculated position, elevation offset, and azimuth offset over the course of a year for Cas A (left) and Cyg A (right).



CygA 2023-07-18T18:00:00

CygA 2023-07-18

19:30
CygA 2023-07-18T20:00:00
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2023-07-19 - 6 differences relative to global median - CygA
Culmination: 23:04:43 UTC
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CasA 2023-07-18T22:00:00

CasA 2023-07-18

2023-07-19 - 0 differences relative to global median - CasA
Culmination: 02:28:10 UTC
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2023-07-19T00:00:00

CasA 2023-07-18 ===

2023-07-19 - 0 differences relative to global median - CasA
Culmination: 02:28:10 UTC
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Mutual obseration

2024-01-03 - 0 differences relative to global median Pierce point separation at 350 km
Reference: CasA (culmination 15:23:41 UTC) Borowiec

=== CasA culmination
—==- Cygh culmination

- i [ p——

6 difference [deq]

=== Culmination (ref)

T

I

I

I

|

1

= |

£ |

W |

= |

= i

o I

° |

= |
[ =4

£ H

o |

m |

o |

T I

Foul |

1

I

1

I

_|

|

LI

°  CygA

-== CygA culmination

e e e i e
\
o — o

6 difference [deg]
oo
0.1
I
I
i
I
i
I
I
l
Azimuth CasA—Cygh [deg]

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 -2 2
UTC time Time from CasA culmination [h]

e e

e Same structure observed in both sources
e ~100m/s AGW (?) - not visible in dynamic spectrogram




Conclusion

The observations confirm the ionospheric origin of the deviations - dynamic spectra
confirm the effect.

However, a significant error remains, caused by the lack of calibration of the method.
For structures visible simultaneously, it is possible to determine the time shift.
However, with data from a single station only, it is not possible to determine the

propagation velocity.
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