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The Sun Is Structured In Several Layers

Why should we study the sun?

https://www.pmfias.com/sun-internal-structure-atmosphere/ https://energyeducation.ca/encyclopedia/Nuclear_fusion_in_the_Sun
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Observations - Sunspots Follow An 11 Year Cycle

https://spaceweather.com/glossary/sunspotnumber.html

https://www.pinterest.com/pin/818458932264452601/

https://www.wired.com/2014/02/sunspot-active-jupiter/
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Observations – Throughout A Cycle Sunspots Appear 

Closer To The Equator (1861 Spörer’s Law)
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Observations – Sunspots Show A Distinct 

Magnetic Behavior (1919 Hale’s Law)

https://arxiv.org/pdf/1502.07020.pdf
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Observations – Sun Shows An 11 Year Magnetic Reversal

https://engineerforspace.com/2021/11/03/what-is-solar-cycle/ https://svs.gsfc.nasa.gov/4124
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Observations – Sun Shows An 11 Year Magnetic Reversal

1. A dynamo model of the magnetic field has to explain all observations!

2. Cowling’s anti-dynamo theorem: 

A stationary axisymmetric magnetic field with currents limited to a finite volume 
in space cannot be maintained by a velocity field with finite amplitude.



8

Some Theory – Magnetic Induction Equation

Magnetic field in an electrically conducting and resistive fluid:

Diffusion Term Convection Term

Diffusion dominated: Convection dominated:

Define Magnetic Reynolds Number:
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Some Theory – Magnetic Induction Equation

Magnetic field in an electrically conducting and resistive fluid:

Define Magnetic Reynolds Number:

Diffusion Negligible:

Frozen Flux Theorem: 

Magnetic fields embedded into highly conductive fluids are constrained to 
move together with the fluid in the limit of large magnetic Reynolds numbers.
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Some Theory – Magnetic Induction Equation

Frozen Flux Theorem: 

Magnetic fields embedded into highly conductive fluids are constrained 
to move together in the limit of large magnetic Reynolds numbers.

L

dS

B B

dS

Shear 
Flow

Sheared Magnetic Flux Tube Conservation Laws
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Some Theory – Magnetic Buoyancy

MHD Equilibrium:

Equation of state:

Thermal Equilibrium: Buoyancy Force:

Magnetic flux tubes experience buoyancy!
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Some Theory – Solar Plasma Flow Speed

Meridional FlowRotational Flow

https://en.wikipedia.org/wiki/Tachocline#/media/File:Tachocline.svg https://www.eurekalert.org/news-releases/590318
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Solar Dynamo Models – Parker and Babcock

https://www.youtube.com/watch?v=2JL8OQZ4xJI
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Solar Dynamo Models – Parker and Babcock

Parker Model: Babcock-Leighton Model:

https://doi.org/10.1051/0004-6361/202141946
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The Solar Corona - Touching The Sun

Corona As Seen 
From Earth

Parker Solar Probe 
Touching The Sun (2021)

https://www.sdsc.edu/News%20Items/PR20211203_solar_corona.html

https://www.youtube.com/watch?v=LkaLfbuB_6Ehttps://thekidshouldseethis.com/post/nasa-parker-solar-probe-touches-the-sun-video
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The Corona Heating Problem

The Corona has to be heated by a magnetic field mechanism!

Quiet Corona: 
1.5 Million K

Active Corona: 
> 4.0 Million K
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The Corona Heating Problem – Heating Mechanisms

Wave Heating (AC) Magnetic Heating (DC)

• MHD waves are produced by 
turbulence in convection 
zone

• Waves dissipate in corona in 
the form of heat

• Stress is continuously built 
up by photospheric motion

• Release by magnetic 
reconnection in the form of 
flares/nanoflares

• Hard to explain the active 
sun’s temperatures

• Hard to yield to achieve the 
average quiet sun’s  
temperature
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Solving The Heating Problem – Magnetic Reconnection

Magnetic field in an electrically conducting and resistive fluid:

Magnetic Reynolds Number:

Opposed Magnetic Fields:
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Solving The Heating Problem – Magnetic Reconnection

Magnetic field in an electrically conducting and resistive fluid:

Magnetic Reynolds Number:

Opposed Magnetic Fields:
https://nasa.tumblr.com/post/612502266197557248/weird-magnetic-behavior-in-space
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Solving The Heating Problem – Magnetic Reconnection

Continuity Equation:

Steady State

Constant Density

Ohm’s Law:

Sheet Edge:

Sheet Center:

Ampere’s Law:

v0

vout

2d

2L

B0

z

y

x



21

Solving The Heating Problem – Magnetic Reconnection
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vout/v0-Relationship:
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Solving The Heating Problem – Magnetic Reconnection

v0

vout

2d

2L

B0

z

y

x

vout/v0-Relationship:

MHD Eq. of Motion:

Energy Dissipation:

Reconnection events are a source of fast, hot plasma!
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Solving The Corona Heating Problem – Nano Flares

• Power-law coefficient 
for sufficient coronal 
heating: α≳2.0

• Only nanoflares could 
explain heating

• Problem: Very hard to 
observe!

arXiv:1003.0122v1

α = 2.5

α = 1.8

α = 1.7

α = 1.5

https://arxiv.org/abs/1003.0122v1
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Solving The Corona Heating Problem – Nano Flares

2020

Potential First Nano Flare Observation:
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Summary - Solar Magnetics And The Corona

The Sun Has Many Layers With 

Different Transport Behavior

The Corona Is Hotter Than It Should Be, 

But We Gradually Understand Why
T

The Sun Has A 22 Year Magnet 

Field Turnover Cycle

This Causes High Solar Activity

(Sun Spots, Prominences, …)

The Sun Is Still A Hot Scientific Topic 



Any Burning

Questions?
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