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The Sun’s corona
Outer part of the Sun’s atmosphere,
Natural laboratory of a fully ionised plasma,
Temperature: 1--10 MK (super hot),
Density: 109--1011 cm-3 (super rarified)
Magnetic field: 1--100 G (relatively low)

Usually observed in EUV, radio, 
and visible light (during total eclipses
or by coronographs) 

Just sit and stare…



Typical plasma structures in the corona

3

The intrinsically highly 

filamented nature of the 

corona allows for the 

existence of various 

waveguides and 

resonators!
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Just two tricks here:
artificially assigned colour scheme and accelerated time

Direct observations of waves in the corona 
Perhaps, longest EM waves in the Universe, 
resolved in time and space!
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MHD nature of coronal waves

Wave speed: ~ 100--1000 km/s   << speed of light
Wavelength: ~ 1--100 Mm >> ion gyroradius (< 1 km) & mean free 

path length (~ 100 km)
Periods: ~ 1 s to tens of min >> ion gyroperiod (< 0.001 s)

Atmospheric Imaging Assembly onboard  Solar 
Dynamics Observatory: 12 s, ~400 km, launched 2010



Coronal MHD seismology:
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2019

2014

2012

Recent monographs…
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2020

And review papers…

Impact-factor
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(born in Nizhny Novgorod, graduated from Gorky State University)
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A recent major conference (Dec 2020):
“MHD Coronal Seismology in 2020”

About 100 participants from 5 continents and 17 time zones!
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Indirect signatures of 
coronal waves were 
observed as quasi-
periodic modulations of 
the EM emission intensity 
from solar flares.

Typical examples:
“The Seven Sisters Flare” 
by ISEE-3 and Nobeyama
Radiopolarimeter. 

Period about 8 s.

In “prehistoric” times (1970s to 1980s)…
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MHD modes of a straight plasma cylinder:
Zaitsev-Stepanov-Edwin-Roberts model

Valery Zaitsev (NIRFI, Gorky State University) & Alexander Stepanov (Institute of 
Solar-Terrestrial Physics, Irkutsk), “On the origin of pulsations of type IV solar 
radio emission. Plasma cylinder oscillations”, Issled. Geomagn. Aeron. Fiz. 
Solntsa, (1975)

Patricia Edwin & Bernard Roberts (both at the University of St Andrews), “Wave 
propagation in a magnetic cylinder”, Solar Physics (1983)

sausage kink higher modes
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B. Roberts, “MHD Waves in the Solar Atmosphere”, 2019:
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Professor Eric Priest from the University of St Andrews, 
mathematician, at the National Astronomy Meeting 1996:

“Using observations of 
the corona from 
SOHO/EIT1, Robert 
Walsh and Jack Ireland 
[his postdocs] showed 
that there are NO 
waves in the solar 
corona…”

The truth is out there – late 90s…

1EUV Imaging Telescope (EIT) onboard Solar and Heliospheric Observatory
(SOHO): from half a minute to several minutes, ~1700 km, launched 1995
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Leon Ofman (NASA) et al. 1997 using SOHO/UVCS: “Ultraviolet 
Coronagraph Spectrometer Observations of Density Fluctuations in the 
Solar Wind”

Craig DeForest & Joseph Gurman (NASA) 1998 using SOHO/EIT: 
“Observation of Quasi-periodic Compressive Waves in Solar Polar 
Plumes”
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New direct observations and the pioneering 
work on a practical coronal seismology
Valery Nakariakov (Univ. of St. Andrews) et al. 1999: “TRACE1 Observation of 
Damped Coronal Loop Oscillations: Implications for Coronal Heating”

Valery Nakariakov (Univ. of Warwick) & Leon Ofman (NASA) 2001:
“Determination of the coronal magnetic field by coronal loop oscillations”

Using ZSER theory of MHD 
modes in a plasma cylinder:

1Transition Region and Coronal Explorer (TRACE): ~ 75 s, ~ 360 km, launched 1998



ü The development of the field is
possible only when the
combination of a theoretical
ground and experimental data
or observations is available!

ü Experimentalists/observers
need a simple formula!

ü Coffee chats and informal
organic interactions in general
are extremely important!

ü Writing a good paper is not
sufficient. It must be actively
presented and promoted!

Conclusions

Dishes of a new Siberian Radioheliograph, 
Institute of Solar-Terrestrial Physics, Irkutsk

Have itchy questions or want more information to read?
Please feel free to email me: 


