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Presentation at Harken Observatory                        February 2007

Observing the Sun is dangerous if the proper precautions are not taken. 

The Sun is very bright and by focussing the light onto the back 

of your eye (the retina) with or without a telescope, you are putting 

a lot of energy (both optical light and infra-red) onto a tiny area. 

At some point in your life you may have tried to set paper on fire 

using a magnifying glass, so just think about that being done to the 

back of your eye. It isn't nice. Even more frightening is the fact that the 

retina of your eye does not have pain receptors, so you will not even 

feel the damage being done. It may not even become apparent until 

later.

Proper equipment is essential to study this important object !

WARNING !!
NEVER LOOK DIRECTLY AT THE SUN !
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The sun is a source of light and heat for life on Earth. 

Our ancestors realized that their lives depended upon the sun 

and they held the sun in reverent awe. 

Ra -

Egyptian

sun god

We still recognize the importance of the sun and find the sun to be 

awe inspiring. In addition we seek to understand how it works, why it 

changes, and how these changes influence us here on planet Earth
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Aristotle, a Greek philosopher held that the sun and the heavens 

were ideal, an embodiment of unblemished perfection.  

But as early as 28 B.C., astronomers in ancient China recorded 

systematic observations of the cycles of what looked like small, 

changing dark patches on the surface of the sun. When Galileo first 

observed the Sun in detail, he saw dark spots on its surface, carried 

around by the Sun's rotation. 

For centuries astronomers wondered whether they were clouds 

floating in the Sun's atmosphere.  They carefully recorded the number,

size and position of this mysterious phenomena.  We have these records

going back to the 1600s.
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Daily observations were started at the Zurich Observatory in 1749 

and with the addition of other observatories continuous observations 

were obtained starting in 1849. The sunspot number is calculated 

by first counting the number of sunspot groups and then the number 

of individual sunspots.  

Samuel Schwabe, a German amateur astronomer, discovered  the 

11-year sunspot cycle in 1851.

During cycle maximum                            Few Visible Sunspots 

many sunspots visible                              during cycle minimum
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Sunspot 

observed on

November 8th

using the

Harken Observatory

telescope and a

solar filter.

We are now at a

minimum portion of the

sunspot cycle.

Itôs the planet Mercury making one of  only 14 transits that will occur this century.  

Mercury is only 1/194 of the Sun's apparent diameter.  (Harken Observatory photo)

In 1716 Edmund Halley first realized that transits could be 

used to measure the Sun's distance, thereby establishing the absolute scale of the 

solar system from Kepler's third law (relates orbital period to distance)

The sun is 

93 million miles 

away from the earth 

and is 870,000 miles in

diameter

1761 and 1769 expeditions to observe the transits of Venus gave astronomers

their first good value for the Sun's distance from the Earth.

This is not a sunspot ! 
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Mercury Transit of the Sun
Big Bear, CA - Time Lapse Photo

November 8, 2006 ï1:12pm ïSunset (~5:00pm CDT)

View from Maui, HI



2/11/2008

7

What are sunspots ? They are depressions on the Sun's face that 

are slightly cooler and less luminous than the rest of the Sun. 

Sunspot cycle is complex.  A new cycle begins with sunspots appearing

in the mid latitude regions and progressively move toward the equator.

Sunspot Cycle Butterfly Plot
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In the 1800ôs science did not understand the mechanisms by which

the sun produced its heat and light.

with great authority and eloquence Lord Kelvin

declared in 1862:

That some form of the meteoric theory is certainly the 

true and complete explanation of solar heat can scarcely

be doubted, when the following reasons are considered: 

(1) No other natural explanation, except by chemical action, 

can be conceived. (2) The chemical theory is quite insufficient,

because the most energetic chemical action we know, taking 

place between substances amounting to the whole sun's mass,

would only generate about 3,000 years' heat. 

(3) There is no difficulty in accounting for 20,000,000 years' 

heat by the meteoric theory.

He theorized that the primary source of the 

sunôs energy was the gravitational energy of  

primordial meteors from which it was formed.

The problem was that there were not enough meteors to account for the sunôs output !

In 1903, Pierre Curie and his young assistant, Albert Laborde, 

discovered that radium radiated heat without cooling down 

to the temperature of its surroundings. The radiation from radium 

revealed a previously unknown source of energy. 

William Wilson and George Darwin almost immediately proposed 

that radioactivity might be the source of the sun's radiated energy.

Large, unstable               Smaller, more stable            Alpha particle

nucleus                                 nucleus
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Subsequent astronomical observations showed that the sun does not 

contain a lot of radioactive materials, but instead is mostly hydrogen

in gaseous form.  Something other than radioactivity is required 

to release nuclear energy within a star.

Sun in Hydrogen-alpha

emission light.  The sun

is 70% hydrogen by mass.

The mystery remained intact until Albert Einstein derived 

the surprising equivalence between massand energy

The sun is a 

natural fusion reactor 

as are all stars !

In 1929, George Gamow, 

an American physicist 

suggested that four hydrogen 

nuclei fused together to 

form one helium nucleus in

a process called hydrogen fusion

http://www.pbs.org/wgbh/nova/einstein/
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The Sun's energy output (386 billion billion megawatts) is produced 

by nuclear fusion reactions. Each second about 700,000,000 tons 

of hydrogen are converted to about 695,000,000 tons of helium 

and 5,000,000 tons of energy in the form of gamma rays. As it 

travels out toward the surface, the energy is continuously absorbed 

and re-emitted at lower and lower temperatures so that by the time 

it reaches the surface, it is primarily visible light.

Complex Structure of the Sun
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Solar energy is created deep within the core of the Sun. 

It is here that the temperature (14,000,000° C; 27,000,000° F) 

and pressure (340 billion times Earth's air pressure at sea level) 

is so intense that nuclear fusion takes place.  

The pressure is due to the gravitational pull of the solar mass.

Every second 700 million tons of hydrogen are converted

into helium. In the process 5 million tons of pure energy is released; 

therefore, as time goes on the Sun is becoming lighter.

As it travels out toward the surface, the energy is continuously absorbed 

and re-emitted at lower and lower temperatures.  This is within the 

region called the radiative zone. 

For the last 20% of the way to the surface the energy is carried 

more by convection than by radiation.  The hot gases flow and 

circulate between the interior and the surface.
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The surface of the Sun, called the photosphere, is at a temperature 

of about 5800 degrees K

The photosphere is the

surface of the sun on

which the sunspots are

observed.

Also observed here

are bright areas

called faculae and

cellular regions 

called granules.

Other solar features are difficult to observe in the blinding white light.

Still astronomers discovered that the surface of the sun does NOT rotate

uniformly with ñlatitudeò by observing the sunspots .

The outer layers of the Sun exhibit differential rotation: 

at the equator the surface rotates once every 25.4 days; 

near the poles it's as much as 36 days. 

This odd behavior is due to the fact that the Sun is not a solid body 

like the Earth. Similar effects are seen in the gas planets like Jupiter. 

The differential rotation extends considerably down into the interior

of the Sun but the core of the Sun rotates as a solid body. 
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Isaac Newton (1643-1727) was the first to discover that sunlight 

was composed of multiple colors. In 1802, William Wollaston in 

England discovered that the solar spectrum itself had many thin 

dark lines in the rainbow of colors. Joseph von Fraunhofer 

investigated these lines in great detail starting in 1814

By further experimenting with sunlight, the spectra of different elements, 

and Fraunhofer's spectrum drawings, Kirchhoff was able to decode the 

sun's spectrum. The dark lines and their position indicated that the sun 

contained such familiar elements as sodium, magnesium, iron, calcium, 

copper, and zinc.

In 1892 George Elery Hale introduces the spectroheliograph, enabling 

astronomers to observe the Sun in the light of a single spectral line such 

as H-Ŭ.  
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The corona is the outer part of the Sun's atmosphere. 

The corona can only be seen naturally during total solar eclipses.

But these events are infrequent and last for only minutes!

Early observations of the visible spectrum of the corona revealed 

bright emission lines at wavelengths that did not correspond to any 

known materials. This led astronomers to propose the existence of 

"coronium" as the principal gas in the corona. 

The true nature of the corona remained a mystery until it was determined that the 

coronal gases are super-heated to temperatures greater than 1,000,000ºC (1,800,000ºF). 

At these high temperatures only the heavier trace elements like iron and calcium are 

able to retain a few of their electrons in this intense heat. It is emission from these

highly ionized elements that produces the spectral emission lines that were so 

mysterious to early astronomers.

Gary Sego
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A coronagraph is a telescopic attachment designed specifically to 

block out the harsh, direct light from the sun. The coronagraph was 

introduced in 1930 by the astronomer Bernard Lyot. Space based 

coronographs now provide excellent continuous imaging of the 

coronal features.

Note the looping structures !

Astronomers now have the tools to study the sun in great detail.

Calcium light

Prominences

Polar plumes

Flare
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Amazing things are observed !

ñGranddaddyò Prominence Eruption 

June 28, 1945 ïHAO - Mauna Loa Solar Observatory

Shot using hydrogen-alpha HɎ filter

Peaks 124,000 miles above sun surface

Expanded at 124 miles/second or 446,000 mi/hr
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In a Coronal Mass Ejection up to 10 billion tons of electrified gas

are blasted off the sun into space at speeds of 1000 km/sec.  

If directed toward the earth

a beautiful auroral display may be seen

Electrically charged material ejected from the 

sun is deflected  by the earthôs magnetic field.  

Millions of amps of current flow creates a 

magnetic storm at earth!
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A solar flare and CME may give rise to a ñsolar tsunamiò

sending a shock wave across the surface of the sun

Such an event

is called a

Morton Wave

One was recently

observed.
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Solar Flares are even studied at Radio Frequencies - Listen !

The  corona is very hot (about 2 million degrees) while the visible 

surface has a temperature of only about 6000ºC. 

Why such a large temperature change?  Donôt things get cooler as

they move away from a source of heating?  The processes that heat 

the corona, maintain it at these high temperatures, and accelerate 

the solar wind 

is a great 

solar 

mystery. 

Because it is so hot it is best seen by detecting the X-rays it emits. 

Yohkoh satellite image
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Magnetism is the key to understanding the Sun. 

As iron filings show the magnetic field lines

around a bar magnet, X-ray emissions

shows loops of solar magnetic field lines. 

Each loop is a dense bundle of field lines. 

Sunspots mark the places where the ends 

emerge and reenter into the photosphere.

Magnetic fields from convection?

In the Sun, the flows of hot plasma in the convection zone create the solar magnetic field. 

The plasma is a hot gas "soup" with many free charged particles (electrons and protons). 

The moving charges are an electric current, and produce magnetic fields, just like the current

in the coils of wire in an electromagnet.  The convection current is driven by the heat from 

the Sun's fusion, instead of a battery.

Sunspots are regions of very strong 

magnetic field, where the field lines 

get so crowded together that they 

push up through the surface, bringing 

some of the hot plasma with them in 

a spectacular arc, or loop. We see the 

end of the loop as a sunspot on the 

sun's visible surface, or photosphere.
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Magnetic field strength is measured 

by observing the separation of 

spectral lines  that have been split by 

the Zeeman Effect

How do we know that there are strong magnetic fields ?

We see it in the light from the particular region being studied.

The Sun's complex magnetic field creates this cool region by

inhibiting hot material from entering the spot.


