
Chapter 12
The Sun

The Sun



Introduction

Left to right: Solar neutrino detector, solar spectrum and sunspot, the Sun in the red light of     

hydrogen, the chromosphere during a solar eclipse.

The Sun is our star. As stars go, it’s neither particularly big nor particularly small, neither par-

ticularly bright nor particularly faint, neither particularly young nor particularly old. It is just 

about right, though, to support life on planet Earth. 

The Sun is a ball of plasma

The solar system is almost entirely the Sun, which contains 99.9% of the matter in the solar sys-

tem. The Sun is ten times as big as Jupiter, while Jupiter is ten times as big as the Earth. If the 

Sun were the size of  basketball, the Earth would be the size of a pea. The Sun is more than 100 

times the diameter of the Earth; if it were hollowed out, it would have room for more than a mil-

lion Earths.

The mass of the Sun is equal to a third of a million Earths. How do we know that, if we can’t put 

the Sun on a scale? Scientists apply the Law of Gravity to the motion of the Earth around the Sun. 

The speed of the Earth in its orbit depends on the strength of the Sun’s gravitational pull on the 

Earth: the stronger gravity is, the faster the Earth must move in its orbit to avoid falling into the 

Sun. Mathematically, the Law of Gravity implies that

! ! ! ! ! GM = rv2

where G is the Gravitational Constant, M is the mass of the Sun, r is the distance between the Sun 

and the Earth (1 AU), and v is the Earth’s speed.This equation (known as the Virial Theorem) 
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says that the greater the Earth’s speed, the greater the Sun’s mass. The AU is 150 billion meters 

and the Earth’s speed is about 30,000 meters per second. The value of G is measured in the 

laboratory; it is ⅔ x 10-10 in standard units. If you plug in the numbers, the Sun’s mass M comes 

out to be about 2.0 x 1030 kilograms, or about 333,000 times the mass of the Earth.

If the Sun’s volume is 1,300,000 times the Earth’s volume but is mass is only 333,000 times as 

great, its density (mass divided by volume) must be only one-fourth that of the Earth. Clearly, the 

Sun cannot be made of the same stuff as the Earth.

The composition of the Sun is determined by the study of the dark lines in the Sun’s spectrum. 

Now we have seen that each dark line is due to a particular chemical element, so it is easy to tell 

what elements are found in the Sun. It is not so easy, however, to figure out how much of each 

element there is. That calculation was first performed by American astronomer Cecilia Payne in 

the 1920s, with the result that the Sun is about 75% hydrogen and 24% helium by weight (as is 

true of most stars). The Sun is a big ball of gas.

Analysis of the spectrum also reveals the Sun’s surface temperature: about 5800 K. (Recall K 

stands for Kelvin; on the Kelvin scale, absolute zero is 0 K and the Earth is about 300 K.) That 

translates to some 11,000° F. The inside of the Sun is even hotter. Under such high tempera-

tures, hydrogen and helium atoms fall apart, their electrons being kicked out out the atoms. Such  

a gas, made of free protons, helium nuclei, and electrons, is known as a plasma. In other words, 

the Sun isn’t made of atoms; stars aren’t made of atoms.

Plasma has two important properties, First, you can’t see through it; it’s opaque. That’s why you 

can’t see through the Sun, even though it’s a big ball of gas. Second, plasma is tied to magnetic 

fields. Plasma is made of charged particles: negatively-charged electrons and positively charged 

nuclei. Charged particles can’t cross magnetic field lines. The Sun has a strong magnetic field. 

Consequently, the plasma is tied to the magnetic field: the plasma can’t move without dragging 

the magnetic field lines and the magnetic field lines can’t move without dragging along the gas. 

As a result, magnetic fields assume great importance on the Sun.
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Interior structure

The conditions in the interior of the Sun make possible the process of nuclear fusion, the process 

that produces the Sun’s energy and makes life on Earth possible.

Since the Sun is a ball of gas and gas is compressible, the pressure, density, and temperature 

steadily increase as you go from the visible surface to the center. The pressure at any level is just 

the weight of all the gas above the level; it is the response of the gas to the force of gravity trying 

to squeeze the gas toward the center. As the pressure increases with depth, so do the density and 

temperature. At the surface, the density is less dense air; in the center it is ten times as dense as 

lead, though it is still hydrogen gas. The temperature in the center reaches 15 million K.

At temperatures above 10 million K, nucleus fusion sets in whereby protons (hydrogen nuclei) 

combine to form helium-4 nuclei. The region where fusion is taking place is called the core; it is 

the innermost quarter of the Sun’s diameter. Every second about 600 million tons of hydrogen is 

converted into helium in the Sun’s core, releasing about 400 trillion trillion watts of power. The 

strong force, which binds together the protons and neutrons in the helium nuclei, is the source 

of this power. 

The region surrounding the core is the radiative zone. In this layer, the energy produced in the 

core is slowly carried outward by photons bouncing among the protons, nuclei and electrons, 

taking about 30,000 years to reach the surface. The Sunlight that we enjoy today is energy that 

was produced in the center of the Sun 30,000 years ago.

The gas in the outer quarter of the Sun’s interior is boiling. Hot gas rises, carrying the Sun’s en-

ergy to the surface, while cooled gas sinks back down toward the radiative zone. This is the proc-

ess of convection.

Solar atmosphere

The solar atmosphere is the outer part of the Sun where the gas is thin enough to be transpar-

ent. It consists of three layers: the photosphere, chromosphere, and corona.

The photosphere is the rather thin layer, only about 200 miles thick, where the light is produced 

that travels out into space and shines on the Earth. Like the edge of a fogbank, it is the level 

where the gas is just thin enough that the light that is emitted there can escape, but light from 

deeper down, where the gas is denser and hotter, cannot. The spectrum of light given off by the 
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Sun is the spectrum of gas at the temperature of this layer, about 5700 K. When you look at the 

Sun (briefly), you are looking at the solar photosphere. Although it looks like a sharp surface, 

that is an illusion; the Sun doesn’t stop there, but extends out into the chromosphere and the 

corona.

The chromosphere is the layer above the photosphere. It is cooler than the photosphere, about 

4500 K, so it gives off a distinctly redder spectrum. Its light is much fainter than the photo-

sphere, however, because the gas is thinner at its level. The only time you can see the chromo-

sphere is during a total solar eclipse, when for a few moments the Moon covers the photosphere 

but not the chromosphere, and you see a flash of red light.

Above, the chromosphere, the temperature, which has dropped steadily from 15 million K in the 

center to 4500 K in the chromosphere, now starts to rise again. This thinner, hotter layer is the 

corona, which extends out for millions of miles. The temperature in the corona reaches more 

that 1 million K, hot enough for the gas to give off X-rays. The gas is exceedingly thin, however, 

so that the X-ray energy is small compared with the energy in visible light emitted by the photo-

sphere.
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The corona is so hot that particles (protons, electrons, and nuclei) constantly boil off, producing 

a fast stream of charged particles radiating away from the Sun in all directions. This the the solar 

wind. It blows past the planets at about 400 km/sec and out about 100 AU, where it runs into 

the interstellar medium at the heliopause. When the solar wind strikes the Earth’s magnetic 

field, it bends the magnetic field and induces the aurorae, the northern and southern lights.

Phenomena of the solar atmosphere

A variety of phenomena occur in the Sun’s atmosphere that might be termed “solar weather.” 

They include sunspots, granules, spicules, prominences and flares.

Granules are Texas-sized bright areas that are the tops of convection cells: rising columns of hot 

gas welling up from below. Because the gas is hot, it is bright, in accordance with Stefan’s Law. 

After a few minutes, the gas gives up its heat by giving off light to space. The cooled gas now 

shines more dimly and starts to sink back down into the interior. They got their name because 

they reminded astronomers of tightly packed grains of rice.
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Spicules resemble rows of closely-packed trees. They are jets of high-speed gas emerging from 

the edges of supergranules, which are roughly the Earth in size. Spicules are seen best when 

looking near the limb (edge) of the Sun’s disk.

Sunspots are the most visible phenomenon in the solar atmosphere. Looking like dark blem-

ished in the Sun, they have been known for centuries, as some are large enough to be seen with 

the naked eye (when the Sun is near the horizon or dimmed by fog or smoke). They are cooler 

areas on the Sun’s surface, caused by magnetic field lines which inhibit the gas from below from 

rising up to the surface. Although the spots look black, they are only black in comparison with 

the rest of the photosphere; if you could carve one out and move it to the side, it would glow 

brightly, but with a reddish tint. Sunspots often occur in pairs, where one member of the pair is a 

north pole and the other a south pole.

Prominences are giant arcs of hot gas that rise up above the Sun’s surface. Held in place by 

magnetic fields, they hang for a few hours and then dissipate. Prominences dwarf the Earth in 

size. Seen in front of the Sun, they are called filaments.

Flares look like intense small bright spots on the Sun when viewed through a telescope equipped 

with the proper filters. They are energetic eruptions of high-energy particles, mainly protons, 

caused by sudden release of magnetic fields.

Flares are often associated with coronal mass ejections (CMEs), which are large bubbles of 

high-energy particles that explode through the corona and escape out in the solar wind at high 

speed, reaching the Earch’s orbit in a day or two. If they collide with the Earth’s magnetic field, 

they may cause a severe geomagnetic storm.
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The Solar Activity Cycle

One of the most fascinating and mysterious aspects of the Sun is the solar activity cycle. In the 

1800s a German apothecary and amateur scientist noticed that the number of spots on the Sun 

increases and decreases over a period of about ten years. Somehow astronomers had failed to 

notice this cycle, perhaps because the sunspot number varies quite a bit from day to day, month 

to month, and year to year. The time from one sunspot maximum to the next is about eleven 

years, but it’s quite variable: sometimes it’s 13 years, sometimes nine. 

Not only the number of sunspots, but the other solar phemonoma are also affected by the cycle. 

The corona is bigger at sunspot maximum and there are more flares and CMEs. Consequently, 

astronomers refer to the sunspot cycle as the solar activity cycle. Although the sunspot cycle is 

eleven years, the Sun’s magnetic field flips from one cycle to the next, so that a complete cycle is 

22 years. Consequently it is sometimes said that the solar activity cycle lasts 22 years.

ASTRONOMY FOR EARTHLINGS

Lloyd•Astronomy for Earthlings ! 8



The Maunder Minimum

Every few hundred years, the solar activity cycle pauses: sunspots disappear and other solar activ-

ity is reduced for several decades. This pause last occurred in the 1600s, a period called the-

Maunder Minimum. Regular records of sunspots began to be made shortly after the invention 

of the telescope in 1608. In the records of the early 1600s we can see that the usual 11-year cycle 

was in operation. But about 1645, the number of spots went down and stayed very low until about 

1715. During this period the northern lights were much reduced in extent. The amount of carbon-

14 in tree rings is influenced by the solar wind; the tree ring evidence shows the solar wind was 

weaker during this period. The three ring record also shows evidence of earlier extended mini-

mums. Studies of other sun-like stars have found that they too go through extended quiet periods 

every now and then.

One intriguing question about the Maunder Minimum is whether it had an influence on the 

Earth’s climate. Satellite measurements have shown that the Sun is about 0.1% brighter at sun-

spot maximum than it is at sunspot minimum. This fact suggests that the Sun may have been a bit 

dimmer than normal during the long Maunder Minimum. Indeed, the late 1600s saw some ex-

tremely cold winters in northern Europe, cold enough that rivers and canals froze over com-

pletely. Many have suggested that there is a connection with the Sun, but it could just as well have 

been a coincidence. The cold period of the late 1600s was part of a much longer colder-than-

average period called the Little Ice Age, which lasted from about 1400 to 1850. The solar cycle 

operated normally during most of that period, so it’s not obvious that the Sun had a strong effect 

on the Earth.

The one thing that we can count on is that the Sun will shine steadily for billions of years to 

come—but not forever.

! ! !
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