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Helio/astro seismology

• Finding out the flows in 
the interior of the Sun 
from its surface 
fluctuations. 

• What about magnetic 
fields ? 

Loren I. Matilsky et al 2020 ApJ 898 111



Magnetic effect on stratified 
plasma : theory

• Constant Alfven speed ( Yu 1965), exact 
solution.

• Constant magnetic field ( Nye & Thomas 1976; 
Adam 1977; Thomas 1983; Campos 1983), 
exact solution, waves along magnetic field.

• Layered model ( Lee & Roberts 1986; Miles & 
Roberts 1992; Jain & Roberts 1991, Fullon & 
Roberts 2005), matched asymptotics. 

• Waves along the magnetic field (Cally 2007)
• Waves perpendicular to both gravity & 

magnetic field (Campos & Marta 2015). 
• Magnetic effects upshift the frequencies of 

acoustic modes of stellar oscillations (Gough & 
Thompson 1990; Goldreich et al. 1991; 
Dziembowski & Goode 2004). Perturbative 
calculation in spherical coordinate. 



Magnetic effects : simulations

• The distinguishing 
effect of the 
imposed field is 
strengthening, 
fanning of f-mode 

With B field

No B field

Singh et al. ApjL (2014), MNRAS (2015),  ApJ (2016), 
GAFd (2020)



Magnetic effects: observation

Travel-time
map

B field 24 
hr later

Ilonidis et al 2011, Science

To the best of my knowledge
this study has not been reproduced. 



Magnetic effects : theory

• The plasma is gravitationally stratified, 
i.e., density is a function of the vertical

• Isothermal gas
• There is a uniform magnetic field pointing 

along the horizontal direction. 
• Even this “simple” problem is very 

difficult. It has not been solved in full 
generality. 

• If we only study waves along the magnetic 
field, the solutions are Hypergeometric 
functions. 



Sketch of exact soln : isothermal 
atmosphere

2nd order ODE with exponential coefficients -> can be mapped to hypergeometric



Isothermal atmosphere : p modes

• Waves parallel and perpendicular to the 
magnetic field.

• Exact solution of the wave equation. 
• Also approximate (WKB) solution.  
• Leakage of eigenfunctions



Polytropic problem

• For unmagnetized polytrope this the is old 
Lamb problem:

• Gough & Thomson, Spruit & Bogdan, Cally & Bogdan 
93, Bogdan & Cally, Cally & Bogdan 97



Cally & Bogdan 97



Perturbative & Numerical Solution

• The small parameter is 
inverse Alfvenic Mach 
number, proportional to 
magnetic field strength 
divided by speed of sound 



Linearized MHD in Polytropic
atmosphere

Force-balance demands that sound speed a linear function of depth for a magnetic 
field that is a power-law in depth. 

div of velocity

Reduces to Lamb’s equations for zero magnetic field. 



Fourier space + non-
dimensionalization



Structure of problem



WKB form



WKB leading order



Keep perturbing



Are we there ?



Conclusion

• We get excellent agreement between numerics
and our formula. 

• How to improve our asymptotic calculation ? 
• Both the isothermal and polytropic calculation 

assumes a magnetic field that is known as  
function of depth. This is unrealistic. 

• The mathematically tractable models are not so 
useful in practice. But they are useful to obtain 
insight. 

• Magneto-seismology is a treasure trove of 
interesting problems.  



Sketch of WKB

Turning points
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Conclusion and further reading

• We can calculate how the presence of magnetic field 
changes the p-modes. For a magnetic field that decays 
exponential with depth.

• We have an exact solution for the isothermal case.  

• We have perturbative solution for the polytropic
atmosphere.  

MHD equations :  

Magnetiseismology:



Further reading

Waves : 

Inverse problems:

https://youtu.be/LYNOGk3ZjFM

WKB and other 
Perturbative methods
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Polytropic atmosphere

Force-balance demands that sound speed a linear function of depth for a magnetic 
field that is a power-law in depth. 

div of velocity
One over Alfvenic Mach no. 

Non-dimensionalised. Reduces to Lamb’s equations for zero magnetic field. 


