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Greenland: issues in landing at Thule
above 4000 ft with a conflicting report
between an ILS localizer and the
autopilot (~14:49 UT)

Norway: issues with SSR systems.
Ghosts lining up in the direction of
the Sun around 14:30 UT
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Humain Radio-Astronomy Station
Solar Radio Observations from Belgidm
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Radio Telescopes
Instrumentation

MODULES

(=)
! ! ¥
BANOWIDTH: 320 | 160 | 80 Y 110 MHz e smerRED
' ) 1 U
1 t : 180 : BY 1MH:
] 1 i
\ ' 1* L0 )
|
: ; (MHr) 10 50 80 l l Ll l l’ ll l{ 7
| : g S0 60 ~e o305 0880800 ] MATR!X OF MIXERS
| 160 - @ ® @ © e ee®eR J
! 50 130 M| ceeeeses e
| 1.: s10 o LS9_80 <1 > o S\e SWITCHING aomor
330 470 |g L I f"::'_'_'_f'_'::iﬁ: Al { 3160 MIXER QUTPUTS )
| [ T EEEAEEEX:
Ty ™% = Siadsiaiiiy |
s OIS S I ;f_—_‘::Q,F.. ooqu I
INPU Iy —id - e ® ® e ® |
(o] 4o Al |'— ?I? X\X\ I\ /
o 0 g o ’ll ///l,. \\\\\ . o)
— ES o - . i / : '
M\ 400 3 \i [ | { { \\‘.I o i g
150 470 [ --- nll‘ s —’ [ j s
l |‘ , | {1004+ 20) IF LOG | >
wo IEER el s ... 1MHz BANDWIOTH | m
230 110 1 > E_J & | ' ) | MOOLLES | -
lé = >
Z
M ' | f
/ issens ’?-_- s ! b v ] - -
] R il 7 i v ! P [ x -
S {iya ol a = " T :
~-- 1 >~ ;0.2 ]
%0 230 1 oo~ 5
- e i é o st
! ety ©nao @
5060 i - 'rL"b—‘m w
. W o L LT hoa -
! 50 60 ; ! r }
M G l[[ﬂ1 HEE Liaowsy 1e oo
no 0 9o Ay L i : l | ! IIJ ! 200 kHz BANDWIDTH
1 1 B
¥y ¢ *

€L oo

s

“ ~

/

20«51}
200 kHz CHANNELS

. 1100+ 20)
TREE OF POWER SPLITTERS 1MHz CHANNELS

Fig. 1. Spectrograph receiver block diagram.

Dumas et al, 1982
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Radio Telescopes
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Radio Telescopes

Instrumentation

i
Options Variable Variable Variable Variable Import Variable Variable Parameter Function Probe
ID: test A ID: samp_rate ID: tun_freq ID: gain ID: ifreq Import: np Import: sys ID: fft_dec ID: int_dec ID: freq_array ID: ifreq
Generate Options: No GUI Value: 30.72M Value: 16 Value: 10 Value: 0 Value: 30k Value: 4 Value: np.array([1000,1080... Block ID: probe_ifreq
Run Options: Prompt for Exit =

FFT Filter
Decimation: 30k

UHD: USRP Source
Device Address: args

Taps: variable_band_pass_f...
Num. Threads: 1

Device Arguments: nu...s=1024
Clock Rate (Hz): 30.72 MHz
MbO: Clock Source: 0/B GPSDO
MbO: Time Source: 0/B GPSDO
Samp Rate (Sps): 30.72M

[] cno:

cho:
cho:
cho:
Chl:
Chl:
Chl:
Chl:

Center Freq (Hz2): 1G
Gain Value: 10
Antenna: RX2
Bandwidth (Hz): 30.72M
Center Freq (Hz): 1G
Gain Value: 10
Antenna: RX2
Bandwidth (Hz): 30.72M

FFT Filter
Decimation: 30k

Num. Threads: 1

Taps: variable_band_pass_f..

Multiply Conjugate

Multiply Conjugate

Multiply Conjugate

Multiply Conjugate

Integrate
Decimation: 4

Multiply Const
Constant: 250m

Complex To Real

Integrate
Decimatio

Integrate
Decimation: 4

Multiply Const
Constant: 250m
Multiply Const
Constant: 250m

Complex to Imag

Integrate
Decimation: 4

Multiply Const
Constant: 250m

Function Name: level
Poll Rate (Hz2): 5

ZMQ PUSH Sink
Address:
Timeout (msec): 100
Pass Tags: Yes

ZMQ PUSH Sink
Address:
Timeout (msec): 100
Pass Tags: Yes

Constant Source
Constant: 1
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Radio Telescopes
Observing solar radio bursts
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« Radio bursts are emitted by accelerated electrons

» Emission frequency depends on local density

« Each type has a recognizable signature in the dynamic spectrum

* The differences among them depend on their emission mechanism
and the coronal structures where they are produced



Solar Radio Bursts
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* Noise storms producing Type | bursts are attributed to closed loop
systems

» Storms are the only non-thermal emissions at metric
wavelengths that are relatively permanent near the active regions



Solar Radio Bursts
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» Generally attributed to fast electrons accelerated by the CME-driven
shock wave

* Type Il drift rate and selected coronal electron density model can
provide an estimate of the shock wave speed



Solar Radio Bursts
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« Type lll burst is created by an electron beam through plasma emission

* The radio emission tracks the electron beam as it travels through
the decreasing plasma density of the solar corona and solar wind



Solar Radio Bursts
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* The radio emission tracks the electron beam as it travels through
the decreasing plasma density of the solar corona and solar wind

Source: H. Reid



Solar Radio Bursts

Type IV
HELIOCENTRIC
DISTANCE DYNAMIC SPECTRUM
(R/Ro)4 RADIO
> Frequency
SOLAR FLARE by (MH2)
(10%2 ergs) Qg 10+
£ z /
3 TYPE m STORM
10+ / / / / /
SHOCK
-+ TYPE II
lﬁﬁﬂﬁmﬂ ,
Ho0Skmie)y . st o2l 5 TYPE 1 STORM 4”» i
- HHH (continuum + bursts )i’
31118 s it
Pl
1034+
Lio%4t
PHOTOSPHERE 10 : .
1 0 - DAYS >
\\FLARE ONSET TIME

» Type IV bursts (stationary or moving) are common in large/explosive flares

* Due to plasma or gyrosynchroton emission

» Cause: electron populations trapped in eruptive flux ropes and post-flare loops
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Combined observations (Huma in + Nancay)
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Combined observations (Huma in + Nancay)
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Radio Sun & Space Weather

Analysis of data
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Observed: Deduced:

1. interplanetary type Il & type Il bursts
2. intensity of the radio emission different
for different spacecraft:
 Strongest emission SWAVES A,
 Type Il bursts intensity stronger for
SWAVES A than for SWAVES B?!

1. Flare & fast and wide CME,

2. Direction of the CME propagation
between SWAVES A & SWAVES B?!
LMore towards SWAVES A.

3. Back side event? Strongly southward
propagating or west solar limb event?!

4. CME-driven interplanetary shock wave

Source: J. Magdaleni¢



Radio Sun & Space Weather

Some tips for forecasters

When eruptions are observed in optics, radio or X-rays, it is possible
to “predict” the potential arrival of solar protons and
-to some extent- their intensity and even the temporal profile

These parameters are statistically related to the importance of the
eruption and its position on the solar disk

Radio observations are very useful for the space weather forecasting
purposes because they bring a number of indications on the
characteristics of the associated flare/CME event & associated shock
wave.



Radio Telescopes
Basic element antennas
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The layout of the array must provide a symmetric beam with low sidelobe levels
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The layout of the array must provide a symmetric beam with low sidelobe levels
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Radio Telescopes
Observing solar radio bursts

* Radio bursts are emitted by
accelerated electrons

» The differences among them depend
on their emission mechanism and
the coronal structures where they
are produced

« Each type has a recognizable
signature in the dynamic spectrum

» Emission frequency depends on
local density
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