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All cannot live on the piazza, 

but everyone may enjoy the sun.

- Italian proverb



The Sun—Basic Characteristics

• In its general properties, the sun is 
very simple.

• It is a great ball of hot gas held together by 
its own gravity. 

• The tremendously hot gas inside the sun 
has such a high pressure that it would 
explode were it not for its own confining 
gravity. 

• The same gravity would make it collapse 
into a small, dense body were it not so hot 
inside.





p. 111



The Sun—Basic Characteristics

• These dramatic statements are also true for 
other stars.

• So, you can study the sun for insight into 
the rest of the stars in the universe.



The Sun—Basic Characteristics

•Another reason to study the sun is that 
life on Earth depends critically on the 
sun.
•Very small changes in the sun’s 

luminosity can alter Earth’s climate.
•A slightly larger change might make Earth 

uninhabitable.
•Nearly all of Earth’s energy comes from 

the sun—the energy in oil, gasoline, coal, 
and even wood is merely stored sunlight. 



The Sun—Basic Characteristics

•Furthermore, the sun’s atmosphere of 
very thin gas extends past Earth’s 
position.
•Changes in that atmosphere—such as 
eruptions or magnetic storms—can 
have a direct effect on Earth.



•Once you understand that, you will 
know how astronomers have:
•Determined the chemical composition 

of the sun
•Measured motions of gas on the sun’s 

surface and in its atmosphere
•Detected magnetic fields that drive the 

sun’s cycle of activity



The Origin of Sunlight

• The sun’s surface glows for the same 
reason and by the same process that makes 
the coils in your toaster glow when they are 
hot.

• You probably have also noticed that 
your toaster’s coils glow different 
colors as they heat up.
• If they are not too hot, the coils are 

deep red.
•As they heat up, though, they grow 

brighter and yellower. 



Atoms and Subatomic Particles

• Light from hot toaster coils and light from 
the sun and other stars are all produced by 
moving electrons.

• As you know, an atom has a massive compact nucleus
containing positively charged protons.

• These are usually accompanied by electrically neutral 
neutrons. 

• The nucleus is embedded in a large cloud of relatively low-
mass, negatively charged electrons. 

• These particles can also exist and move about unattached to 
an atom.



Temperature, Heat, and Blackbody Radiation

•Astronomers and physicists express 
temperatures of the sun and other 
objects on the Kelvin temperature scale.
• Zero degrees Kelvin (written 0 K) is absolute zero

(–459.7°F).

• This is the temperature at which an object contains no 
thermal energy that can be extracted. 

• Water freezes at 273 K and boils at 373 K.



Temperature, Heat, and Blackbody Radiation

•Now you can understand why a hot 
object glows.

• The hotter an object is, the more motion there is among its 
particles. 

• The agitated particles, including electrons, collide with each 
other.

• When electrons are accelerated, part of the energy is carried 
away as electromagnetic radiation.



Temperature, Heat, and Blackbody Radiation

•Two simple laws describe how 
blackbody radiation works.

• A hot object radiates at all wavelengths.

• There is, however, a wavelength of maximum intensity at 
which it radiates the most energy.



Temperature, Heat, and Blackbody Radiation

• The figure shows plots of the 
intensity of radiation versus 
wavelength for three objects 
with different temperatures.
• This illustrates both 

Wien’s law and the 
Stefan–Boltzmann law. 



WU 4

• The visible surface of a star has a temperature of 5780 K. 
Determine the wavelength in nm at which the star’s 
blackbody has peak intensity

• Your body temperature is ~ 98.6°F = 37°C = ____K

At what wavelength do you primarily radiate? 

λmax T = 0.2898 x 10-2 m • K



The Sun’s Surface

•The sun’s disk looks like a mostly 
smooth layer of gas.
• Although the sun seems to have a real surface, it is not 

solid. 

• In fact, the sun is gaseous from its outer atmosphere right 
down to its center.



The Photosphere

•The apparent surface of the sun is 
called the photosphere.
• It is the layer in the sun’s atmosphere that is dense enough to 

emit plenty of light, but not so dense that the light can’t 
escape.

• So, it is the source of 
most of the sunlight 
received by Earth. 

• 5800 K

• If the sun magically shrank to the size of a bowling ball, the 
photosphere would be no thicker than a layer of tissue paper 
wrapped around the ball.



Fig. 7-2a, p. 113

Figure 7.2: (a) A visible-light photo of the sun’s surface shows 

granulation. (NOAO)



https://www.youtube.com/wat

ch?v=W_Scoj4HqCQ

•Each granule is 

about the size of 

Texas.

•It lasts for only 10 

to 20 minutes 

before fading away. 

https://www.youtube.com/watch?v=W_Scoj4HqCQ


Heat Flow in the Sun

•Convection occurs when hot fluid 
rises and cool fluid sinks.

• For example, a convection current of hot gas rises above 
a candle flame. 



Light, Matter, and Motion

• You should begin your study of light and 
matter by considering electrons that are 
within atoms.

• As you have learned, electrons and other charged particles 
produce light when they change speed or direction of their 
motion.



• Nature permits atoms only certain 
amounts (quanta) of binding energy.

• The laws that describe how atoms behave 
are called the laws of quantum mechanics.

• Much of this discussion of atoms is based on the laws of 
quantum mechanics.

Electron Shells



• The number of protons in the nucleus is 
unique to each element.

• So, each kind of element has its own pattern of permitted 
orbits.

Electron Shells



• Each orbit in an atom represents a 
specific amount of binding energy.

• So, physicists commonly refer to the 
orbits as energy levels.

• Using this terminology, you can say that an electron in its 
smallest and most tightly bound orbit is in its lowest 
permitted energy level.

The Excitation of Atoms





• Another way an atom can get the energy 
that moves an electron to a higher energy 
level is to absorb a photon (packet) of 
electromagnetic radiation. 

The Excitation of Atoms



• Only a photon with exactly the right amount of 
energy corresponding to the energy difference 
between two levels can move the electron from one 
level to another.
• If the photon has too much or too little energy, the atom 

cannot absorb it—and the photon passes right by.

• As the energy of a photon depends on its wavelength, only 
photons of certain wavelengths can be absorbed.

The Excitation of Atoms



• The figure shows the lowest four energy 
levels of the hydrogen atom along with 
three photons the atom could absorb.

• A photon with too much or too little energy 
cannot be absorbed. 

The Excitation of Atoms



•Atoms, like humans, cannot exist in an 
excited state forever.
• The excited atom is unstable and must eventually—usually 

within 10-6 to 10-9 seconds—give up the energy it has 
absorbed and return its electron to a lower energy level. 

• The lowest energy level an electron can occupy is called the 
ground state.

The Excitation of Atoms



• The process of excitation and emission is 
a common sight in urban areas at night.

• A neon sign glows when atoms of neon gas in the glass 
tube are excited by electricity flowing through the tube. 

The Excitation of Atoms



• The Doppler effect is an apparent change in 
the wavelength of radiation caused by 
relative motion of a source and observer.
• Astronomers use it to measure the speed of blobs of gas in 

the sun’s atmosphere toward or away from Earth, as well 
as speeds of entire stars and galaxies.

The Doppler Effect





The Doppler Effect

•The pitch of a sound is determined 
by its wavelength.

• Sounds with long wavelengths have low pitches.

• Sounds with short wavelengths have higher pitches.

https://www.youtube.com/watch?

v=a3RfULw7aAY

https://www.youtube.com/watch?v=a3RfULw7aAY


• Imagine a light source emitting waves 
continuously as it approaches you.

• The light will appear to have a shorter wavelength, making it 
slightly bluer.

• This is called a blueshift. 

• A light source moving away from you has a longer wavelength 
and is slightly redder. 

• This is a redshift.

The Doppler Effect



• The terms redshift and blueshift are used 
to refer to any range of wavelengths.
• The light does not actually have to be red or blue.

• The terms apply equally to wavelengths in the radio, X-ray, 
or gamma-ray parts of the spectrum. 

• ‘Red’ and ‘blue’ refer to the relative direction of the 
shift—not to actual color.

The Doppler Effect



•Note that the Doppler shift is sensitive only 
to the part of the velocity directed away 
from you or toward you.

• This is called the radial velocity (Vr).
• A star moving perpendicular to your line of sight would have 

no blueshift or redshift—because its distance from Earth 
would not be decreasing or increasing.

The Doppler Effect



•The spectrum of the sun shows you a lot 
about many aspects:

Sun’s temperature

Composition of the gases in the solar photosphere and atmosphere

Motions of those gases

The Sun’s Atmosphere



Table 5-1 p85



In the mid 1850’s Kirchhoff and Bunsen discovered 

that when a chemical substance is heated and 

vaporized, the resulting spectrum exhibits a series 

of bright spectral lines. In addition, they found that 

each chemical element produces its own 

characteristic of spectral lines



• One, there are three 
kinds of spectra 
described by three 
simple rules. 

Formation of Spectra





• The wavelengths of the photons that are absorbed by a 
given type of atom are the same as the wavelengths of 
the photons emitted by that type of atom.

• Both are determined by the electron energy levels in the atom.

Formation of Spectra



• The emitted photons coming from a hot cloud of 
hydrogen gas have the same wavelengths as the 
photons absorbed by hydrogen atoms in the sun’s 
atmosphere. 

Formation of Spectra



• The hydrogen atom produces many spectral lines from 
the ultraviolet to the infrared.

• However, only three hydrogen lines are visible to 
human eyes.

Formation of Spectra



• Third, most modern astronomy books 
display spectra as graphs of intensity versus 
wavelength.

• Be sure you see the connection between dark absorption lines 
and dips in the graphed spectrum.

Formation of Spectra



• Such results show that nearly all stars have 
compositions similar to the sun.

• About 90 percent of the atoms are hydrogen.

• About 9 percent are helium.

• There are also small traces of heavier elements.

The Sun’s Chemical Composition



• It is fair to say that Cecilia Payne—whose 
thesis has been called the most important 
doctoral work in the history of astronomy—
figured out the true chemical composition of 
the universe.

The Sun’s Chemical Composition



Cecilia Helena Payne-Gaposchkin was the second woman to 

become a fully tenured professor in the Faculty of Arts and 

Sciences at Harvard (the first in the natural sciences), and 

simultaneously the first woman department chairman. 

Born and educated in England, she came to America in 1923 

to seek wider opportunities in her chosen science, astronomy. 

At Harvard College Observatory she wrote what the eminent 

astrophysicist Otto Struve later called "the most brilliant PhD 

thesis ever written in astronomy." And, in 1934, the dean of 

American astronomers, Henry Norris Russell, wrote that the 

best candidate in America to be his successor at Princeton 

"alas, is a woman!", an obvious reference to Cecilia Payne in 

an age when neither Harvard nor Princeton would have dared 

to consider a woman faculty member. Not until the 1950s would 

Harvard finally have the temerity to appoint a woman to a 

regular Arts and Sciences faculty position. 

This autumn, in the centennial year of her birth, the 

Harvard-Smithsonian Center for Astrophysics will host a 

symposium in her honor. The program of speakers includes 

former students, family, old friends, and experts on topics related 

to her astrophysical interests, which encompassed among 

others stellar spectroscopy, variable stars and photometry, 

galactic structure and stellar evolution.  



•Above the photosphere lies the 
chromosphere.
• Solar astronomers define the lower edge of the 

chromosphere as lying just above the visible surface of the 
sun, with its upper regions blending gradually with the 
atmosphere’s outermost layer, the corona.

The Chromosphere



• The chromosphere is roughly 1,000 times fainter than 
the photosphere.

• You can see it with your unaided eyes only during a 
total solar eclipse—when the moon covers the 

brilliant photosphere.
• Then, it flashes into view as a thin line of pink just above 

the photosphere.

The Chromosphere



• The figure shows a filtergram made at the 
wavelength of the H-alpha Balmer line.
• The image shows complex 

structure in the 
chromosphere—including 
long, dark filaments
silhouetted against the 
brighter surface.

The Chromosphere



Fig. 7-4b, p. 114

Spicules-flamelike jets of 

gas rising upward into the 

corona-cooler gas from 

Chromosphere extending 

upward into the hotter 

Cororna

Figure 7.4: Hα filtergrams 

reveal complex structure in 

the chromosphere, including 

long, dark filaments and 

spicules springing from the 

edges of supergranules twice 

the diameter of Earth. 

(NOAA/SEL/USAF; © 1971 

NOAO/NSO)





Fig. 7-3, p. 114



The Corona

The outermost part of the sun’s 

atmosphere is called the corona—after 

the Greek word for ‘crown.’
The corona is so dim that it is not visible 

in Earth’s daytime sky—because of the 

glare of scattered light from the sun’s 

brilliant photosphere. 

However, during a total solar eclipse, 

when the moon covers the photosphere, 

you can see the innermost parts of the 

corona.

Observations made with specialized 

telescopes called coronagraphs on 

Earth or in space can block the light of 

the photosphere and record the corona 

out beyond 20 solar radii. 



• Such images reveal that sunspots are linked 
with features in the chromosphere and 
corona.

The Corona



• Just above the chromosphere, the coronal 
temperature is about 500,000 K.

• In the outer corona, the temperature can be 
2,000,000 K or more.

The Corona



•The sun is not quiet.
• It is home to slowly changing spots larger than Earth and rapid 

vast eruptions that dwarf human imagination.

Solar Activity



• All these seemingly different forms of 
solar activity have one thing in 
common:

• Magnetic fields

Solar Activity



• It is dangerous to look at the sun directly and even 
more dangerous through any optical instrument such 
as a telescope, binoculars, or even the viewfinder of a 
camera that concentrates the sunlight and can cause 
severe injury. 

• You can safely project an image of the sun onto a screen.

• Alternatively, you can use specially designed solar blocking 
filters.

Observing the Sun



• In the early 17th century, 
Galileo observed the sun and 
saw spots on its surface.
• Day by day, he saw the spots moving 

across the sun’s disk. 

• He correctly concluded that the sun is a 
sphere and is rotating.

Observing the Sun



• Sunspots are darker, cooler areas on the 
surface of the sun in a region called the 
photosphere. The photosphere has a 
temperature of 5,800 Kelvin. Sunspots have 
temperatures of about 3,800 K.

They look dark only in 
comparison with the 
brighter and hotter 
regions of the photosphere
around them.

Sunspots



Sunspots follow an 11-year cycle not only 
in the number of spots visible but also in 
their location on the sun.

Sunspots

http://www.spaceweather.com/

http://www.spaceweather.com/


• The Zeeman effect gives astronomers a way 
to measure the strength of magnetic fields 
on the sun.

Sunspots



• Almost no light emerges from below the 
photosphere—so, you can’t see into the 
solar interior. 

•However, solar astronomers can use the 
vibrations in the sun to explore its depths 
in a type of analysis called helioseismology.

• Random motions in the sun constantly 
produce vibrations. 
• Astronomers can detect these vibrations by observing 

Doppler shifts in the solar surface. 

• These waves make the photosphere move up and down 
by small amounts—roughly plus or minus 15 km.

Insight into the Sun’s Interior



• This covers the surface of the sun with a 
pattern of rising and falling regions that can 
be mapped.

• In the sun, a vibration 
with a period of 
5 minutes is strongest.

• The periods, though, 
range from 3 to 20 
minutes.

Insight into the Sun’s Interior

https://www.youtube.com/watch?v=Yx

Usr4vp3yM

https://www.youtube.com/watch?v=YxUsr4vp3yM


• http://www.theatlantic.com/techn
ology/archive/2013/02/heres-
what-a-solar-flare-sounds-like-
when-it-reaches-earth/272935/

http://www.theatlantic.com/technology/archive/2013/02/heres-what-a-solar-flare-sounds-like-when-it-reaches-earth/272935/


•The sun does not rotate as a rigid 
body.

• It is a gas from its outermost layers down to its center.

• Some parts rotate faster than others.

• The equatorial region of the photosphere 
rotates faster than do regions at            
higher latitudes.
• At the equator, the photosphere 

rotates once every 25 days.

• At latitude 45°, one rotation 
takes 27.8 days.

The Sun’s Magnetic Cycle  (11 year cycle)



•Helioseismology can map the rotation 
throughout the interior.

The Sun’s Magnetic Cycle



• At any one time, sunspot pairs south of the sun’s equator have 
reversed polarity compared to those north of the sun’s equator. 

• At the end of an 11-year 
sunspot cycle, the new 
spots appear with 
reversed magnetic 
polarity. So the entire cycle                                                                      
is really 22 years

The Sun’s Magnetic Cycle



• The sun’s magnetic cycle is not fully understood.

• However, the Babcock model (named for its 
inventor) explains the magnetic cycle as a 
progressive tangling and then untangling of the 
solar magnetic field. 

The Babcock Model for Solar Activity



• The sun’s magnetic field is 
frozen into its gases.

• The differential rotation 
wraps this field around the 
sun—like a long string 
caught in a rotating wheel.

The Babcock Model for Solar Activity



• After about 11 years of tangling, 
the field becomes so complex 
that adjacent regions of the 
surface are forced to changing 
their magnetic field directions to 
align with neighboring regions.

The Babcock Model for Solar Activity



• The entire field quickly 
rearranges itself into a 
simpler pattern.

• Then, differential rotation 
begins winding it up to start 
a new cycle.

The Babcock Model for Solar Activity



• This magnetic cycle seems to explain the Maunder butterfly 
diagram. 

• As a sunspot cycle begins, the twisted tubes of magnetic force first 
begin to float upward and produce sunspot pairs at higher latitude.

• Later in the cycle, when the field is more tightly wound, the tubes of 
magnetic force arch up through the surface closer to the equator. 

• As a result, the later sunspot pairs in a cycle appear closer to the 
equator.

The Babcock Model for Solar Activity



• The solar magnetic fields extend high into 
the chromosphere and corona—where they 
produce beautiful and powerful phenomena.

Chromospheric and Coronal Activity



•There are three important points to 
note about magnetic solar 
phenomena.

Chromospheric and Coronal Activity



•One, all solar activity is magnetic. 

Chromospheric and Coronal Activity



• You do not experience such events on Earth because 
Earth’s magnetic field is weak and Earth’s 
atmosphere is not ionized.
• So, it is free to move independent of the magnetic field.

• On the sun, however, the ‘weather’ is a magnetic 
phenomenon.

Chromospheric and Coronal Activity



•Two, tremendous energy can be stored 
in arches of magnetic fields. 

• These are visible near the edge of the solar disk as 
prominences, and, seen from above, as filaments.

Chromospheric and Coronal Activity



16. How can solar flares affect the 
earth?

• Solar flares emit large amounts of X-rays and 
ultraviolet radiation that travel to Earth and 
increase the ionization of Earth's upper 
atmosphere. 



•When that stored energy is released, 
it can trigger powerful eruptions.
• Although these eruptions occur far from Earth, they can 

affect Earth in dramatic ways—including auroral displays.

Chromospheric and Coronal Activity



• Auroras—the eerie and 
pretty northern and 
southern lights—are 
produced when gases in 
Earth’s upper 
atmosphere glow from 
energy delivered by the 
solar wind.

Chromospheric and Coronal Activity



• Third, in some regions of the solar 
surface, the magnetic field does not loop 
back.

• High-energy gas from 
these regions flows 
outward and produces 
much of the solar wind.

Chromospheric and Coronal Activity



SpaceWeather.com -- News and information about 
meteor showers, solar flares, auroras, and near-Earth 
asteroids

http://spaceweather.com/
http://upload.wikimedia.org/wikipedia/commons/f/f2/Animati3.gif
http://upload.wikimedia.org/wikipedia/commons/f/f2/Animati3.gif




See pg 137

http://science.nasa.gov/headlines/y2009/images/severespaceweather/Hollingshead1.jpg
http://science.nasa.gov/headlines/y2009/images/severespaceweather/Hollingshead1.jpg


• To realize how the sun’s surface temperature and 
composition are known, plus understand solar activity 
cycles and their effects on Earth, you used all physical 
principles presented in the chapter:
• Parallax

• Wien’s law and the Stefan–Bolzmann law

• Atomic structure

• Kirchhoff ’s laws

• Doppler effect

• Zeeman effect

Chromospheric and Coronal Activity


