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One day, while interacting with school students, a girl asked, “If heat destroys magnets, how can the Sun have a magnetic field?”
We are taught that heating a magnet weakens it. Cross a certain temperature, and the magnet loses all its strength. So it seems reasonable to expect that the Sun, which is far hotter than any furnace on Earth, should have no magnetism at all.
But here is the catch: the Sun is not a magnet like the ones we handle in school.
Think of a simple bar magnet, the kind you play with. Billions of tiny atomic magnets inside it are all lined up, like disciplined students standing in a row, all pointing in nearly the same direction. Heat spoils this order. As the temperature rises, atoms begin to vibrate strongly, and the neat alignment breaks down. Once this order is lost, magnetism disappears. That's the fate of any permanent magnet.
The Sun, however, is a different beast. Its magnetism isn’t the “permanent” kind. The Sun is not solid like a magnet. It is not even an ordinary gas. It exists in a state called plasma.
How to make plasma
Here’s how you make plasma. Take a gas and keep heating it. Heat is a form of energy. Atoms can use this energy for various purposes: they can move faster and faster. Or they can vibrate more intensely (with higher frequency), etc. But there is one more interesting thing they can do:
You may have learned that electrons in an atom are bound to its nucleus by the mutual attraction between the negatively charged electrons and the positively charged protons in the nucleus. At some point, the heat is so intense that the electrons can use it to overcome this attraction and leave the atom; that is, the atom is ionised.
In lighter atoms like hydrogen and helium, all the electrons are stripped off, leaving only the central nucleus. In heavier atoms, only a few electrons are removed, leaving behing a positively charged ion (containing the nucleus and a few electrons). What you’re left with is a wild soup of negatively charged electrons and positively charged ions all zooming around at incredible speeds. That’s plasma. It’s not solid, and it’s not even a normal gas. It’s a fourth state of matter called plasma. 
Remember plasma was made by heating neutral gas. But because the electrons and ions have separated, so the particles in a plasma are charged, they behave in a way that ordinary gas doesn’t.
The Solar Dynamo
Hot plasma bubbles up from the depths of the Sun to the surface, cools, and sinks back down, like sambar boiling in a huge pot. The Sun is full of motion, rising, falling, swirling, almost like a pot of boiling sambar. This is called convection. But unlike sambar, every moving particle here carries an electric charge.
When charged particles move, they naturally create magnetic fields, which in turn have an additional effect on how the particles move. The plasma in the sun is set into complicated motion by the enormous heat produced due to the nuclear fusion in the centre of the Sun (where hydrogen gas burns into Helium). This movement of the plasma creates the sun’s magnetic fields. This system is known as the solar dynamo.
Dynamos
You may have learned in school that moving charges create magnetic fields. This is the idea behind a bicycle dynamo that can be used to light up your path in the dark. You spin a magnet near a coil of wire, and the movement of charges creates electricity to power your headlight. But the reverse is also true. If you have a flow of charges—an electric current—it creates a magnetic field. In the Sun, there are no wires, but the effect is the same. The movement of charged particles in the plasma acts like an electric current. That current produces magnetic fields. 
So, the Sun, with its churning, swirling sea of charged plasma, is like a natural, massive dynamo. Now, this churning happens on a spinning sphere. And the Sun doesn't spin like a solid ball; its equator spins faster than its poles. This uneven spinning and the constant churning twist and stretch the magnetic field lines, generating electric currents. These new currents, in turn, create even stronger magnetic fields. It's a self-feeding loop.
The spinning disc experiment
The simplest of all the dynamos is the disk dynamo developed by Michael Faraday nearly 200 years ago. It consists of a copper disk mounted so that part of the disk, from the center to the edge, is between the poles of a horseshoe magnet (see figure).
When the disk rotates, electrons start to move from the center of the disk to its edge and you obtain an electrical current. The flow of electrons is possible because in metals (as in a plasma) electrons are not bound to the atoms and can move around freely. This way of generating electric currents is based on a physical principle called electromagnetic induction (or Faraday's law). 
However, there exists another physical principle (Ampere’s law), which says that moving electrons, i.e., electrical currents, generate magnetic fields. Therefore, the above disk dynamo, does not only generate electric currents but also some magnetic field. As we can see electric currents and magnetic fields are very closely related. Simply speaking we can say that electric currents generate magnetic fields and magnetic fields generate electrical currents. 
Inside the Sun, a similar cycle runs continuously. Hot plasma moves and creates currents. These currents generate magnetic fields. The magnetic fields, in turn, affect how the plasma behaves. This ongoing loop is called the solar dynamo.  So heat does not destroy the Sun’s magnetism. It actually makes it possible. Without such high temperatures, there would be no plasma, no moving charges, and no magnetic field.
The exact mechanism, and how the magnetic field remains self-sustaining, is not yet fully understood. However, we can observe the shape of the magnetic fields above the sun’s surface because they guide the motion of that plasma – the loops of material in the corona glow brightly in images of the sun taken in extreme ultraviolet (EUV) light. They can also be precisely measured using a magnetograph.
However, this is a very simplified picture of the solar dynamo. The flow of the plasma has to fulfill certain properties for the dynamo to work. These properties are:
 1. The flow has to be turbulent: the plasma must look more like boiling water than the smooth flow from a tap.
 2. The flow has to be fully three-dimensional. The stream of water that emerges from a tap is only 1-dimensional, i.e., it flows in only one direction. Can you think of a 2-dimensional flow?
3. The path of the plasma cannot be in straight lines; it has to follow the path of a helix, in order to generate the correct magnetic fields.
BOX The maths and physics of the solar magnetic field
For those who have studied a bit more physics, here's the cycle in short: The Sun is made of plasma flowing with a certain velocity (V). This flow creates an electric field (E = V x B) in a direction perpendicular to both V and B. This electric field drives electric currents (j) through the plasma. These currents, by the laws of electromagnetism, create the magnetic field (B). The interaction between the current and the magnetic field (j x B) then acts back on the plasma. This looping sustaining its flow. The whole system thus becomes a self-sustaining dynamo, feeding on the Sun's own heat and motion.
End of BOX
The fact that the Sun has a magnetic field has only been known for about 100 years. This was discovered in 1908, by the American astronomer George Ellery Hale (1868-1938). He managed to show that sunspots are regions on the solar surface which have a very strong magnetic field. Sunspots are the most prominent magnetic feature on the solar surface (sometimes they can be seen by the naked eye). The number of sunspots increases and decreases over a period of 11 years. This is called the solar cycle. 
Where is the solar dynamo located?
Today, most solar physicists believe that the solar dynamo is located either at the bottom of the convection zone or in a thin region called the overshoot zone.The overshoot zone is located between the convection zone and the radiative zone (see figure).
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