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G-stars: good stars like our sun?
Description and analysis of different star types of the same spectral class as our sun
By Claudia Chabowski, Rüdiger Schmitz and Martin Falk (teacher)

Our sun in the H-alpha light and the Orion-nebula, the closest nearby place of star-birth
Images from our astronomy group’s gallery; details see below.

Abstract and Introduction:
The universe seems to be a place to live in. But its huge dimensions – so huge that even
some scientists believe in its infinite eternity – make it difficult to say something useful about
it from a school desk. What we know about it isn’t much, but thanks to evolution or creation
our imagination seems to be unlimited, at least Albert Einstein thought like that.
In this project we want to present something what we have learned about the big things in
the universe: stars - their birth, their lives and their “beautiful” deaths. We decided to
concentrate on G-stars, stars like our Sun, Capella and Mekbuda. They all have different
developments, depending on their masses which will be explained in the following text.
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So we start with the birth of a star, rising up from a molecular cloud developing to a protostar.
Different physical processes take place forming the protostar to a star like our Sun, a giant
star like Capella or a supergiant like Mekbuda.
It is interesting to see that every star “moves” on a certain path represented in the
Hertzsprung-Russell diagram, which helps to scientifically classify stars according to their
spectral characteristics and brightness.
Mekbuda has a very special development in its near future. Supergiants tend to end up as
black holes which are still a (relatively) big secret for scientists. There are many theories
about black holes but only imagination (interpreting the measurements) can prove them
wright or wrong.
The birth of a star:
Every star develops from a cloud (giant molecular cloud GMC) consisting almost entirely of
the elements hydrogen and helium with a small percentage of other elements as well as
dust, mostly from the death of older stars. Due to the force of its own gravity, the cloud
begins to collapse inward when the temperature of the cloud has cooled down to about 10 K!
Then every atom and every bit of dust is pulled to the center to build a protostar. The atoms
speed up by increasing gravitation creating friction, mostly enhanced by a spin of the whole
cloud: thus the temperature rises.
The protostar i.e. the clumped core of the GMC starts its life at a surface-temperature of
about 100 K and within 1,000 years, rises to about 2500 K. Because of the heat the protostar
glows with its own light, giving off more light than our sun even though it is not nearly as hot.
The reason for its luminosity is the radius of the glowing blob: about 20 times larger than the
later sun’s radius. After about 10,000 years, the protostar's surface temperature is up to
about 4,500 K and it is now 100 times as luminous as the Sun. After another 100,000 years
the temperature is 5,000 K although the protostar has been shrinking the entire time and only
gives off about 10 times the light of the Sun. There is little change in temperature over the
next 10 million years but the brightness continues to drop as the protostar contracts.
When meanwhile the temperature in the center of the shrinking blob of gas reaches the
“flash point” of about 7 million K, deuterium fusion ignition occurs, and atoms lose electrons.
The resulting atoms are known as ions, and the mixture of the free electrons and ions is
called plasma. Material comprising the original cloud continues to fall onto the protostar or
form a planetary system.
The next 20 million years is the last stage of the protostar's development where it equals the
Sun in luminosity and its size becomes fixed at about 1.6 million km in diameter - 30 million
years after the shell of gas had begun to form. When the protostar’s center reaches a
temperature of more than 10 million degrees, hydrogen fusions begin. These initial fusions
destroy nuclei of certain light elements. After the light nuclei are destroyed, the protostar
continues to contract.
The protostar is now a star: the expanding forces of the fusion reactions and the
compressing force of gravity keep the star in balance.
“Fresh” stars can contain uo to 90% hydrogen and 9% helium. Less than 1% are other
elements called simply ‘metals’ by astronomers.
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What the newborn star keeps alive:
These are two fusion processes taking place in the center of the star: the proton-proton
reaction by which hydrogen is converted to helium: (Fig.1)
Two protons react with each other
to a deuteron (²H) as well as a positron and a
neutrino.
Then the deuteron reacts with a proton
creating helium (³He) and sending Gamma
Rays out.

Now do two ³He-nuclei fuse together to
a 4He-nucleus sending two protons out.

and the carbon-nitrogen-oxygen (CNO) cycle (Fig.2):
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In this process carbon(C), nitrogen (N)
and oxygen (O) nuclei work as catalysts.

Fig. 2

The life and death of a star: Wanderlust in the Hertzsprung-Russell-diagram (HRD):

The right-hand figure is a plot of the Hipparcos-satellite measurements
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The Hertzsprung-Russell-diagram shows the relationship between the luminosity and surface
temperature (stellar classification) of stars. The relationship was discovered independently
around 1910 by Ejnar Hertzsprung (*1873 †1967), a Danish astronomer and Henry Norris
Russell (*1877 †1957), an American astronomer.
On the horizontal axis the temperature and the spectral classes are shown and on the
vertical axis the luminosity. The diagram is dominated by the main sequence, which forms a
curved, diagonal band from bright blue stars to red ones. Most stars are found on this
sequence because this is the longest-lasting stage during which hydrogen is converted to
helium. Stars called white dwarfs lie in the lower left corner. The giant stars, stars of great
luminosity and size, form a thick, approximately horizontal band that joins the main sequence
near the middle of the diagonal band. Above the giant stars, there is another region
consisting of the supergiant stars.
The Sun is found on the main sequence at luminosity 1 around 5400K (Stellar Class G2). It is
a yellowish star. Scientists calculated that our Sun is middle-aged, since it is approximately
4.5 billion years old. It should remain on the main sequence for about another five billion
years.
Along with the classification of stars the diagram also describes the stars’ development after
leaving the main sequence. The length of time that a star spends in the main sequence
depends entirely on the star's mass. Massive stars burn much hotter and brighter and
“waste” their nuclear fuel in lifespans down to 3 million years only with a start-up mass of 25
solar masses.
Spectroscopy/Stellar classification:
Detailed information about stars require a spectrum of the individual star, which is gained in a
variety of astrophysical techniques we will refer to further below.
G stars: Not better than others but more “economical”:
G-stars are meant to be yellowish stars of spectral type G, with a surface temperature in the
range of 5,000 to 5,800°C and masses of 0.8 to 1.1 of solar mass. The sun belongs to the Gstars lying on the main sequence of the HRD. G-type giant stars, such like Capella, are
slightly cooler but more luminous than their main sequence counterparts, while G-type
supergiants as Mekbuda have a mass of 10+ solar masses and a luminosity of 10,000 to
300,000 times that of the Sun.
The wandering of our sun:
Our sun is one of the G-stars lying on the main sequence of the HRD guaranteeing a steadily
ongoing fusion. marked as spectral class of G2 with a surface temperature of approximately
5,500 K. The sun is said to be in a state of hydrostatic balance, neither contracting nor
expanding over time (Fig.3).
When all of the hydrogen will be fused to helium, the radiation pressure shrinks rapidly
leading to a contraction of the star. Because of the newly formed pressure, a helium fusion
(triple-alpha process (Fig.5)) begins, therefore the star’s radius becomes 100 times bigger.
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Fig. 3

An artist’s vision of our Sun’s life

Thus the temperature decreases to approximately 3,000K and the radiation maximum is
shifted to the red range of the spectrum - a red giant will develop (Fig.3). Because of very
small density and a very light attraction of the core to the ambiance shell, the shell is pushed
away by star winds and is then (historically) defined as a planetary nebula.

At a temperature of more than
100 million K a fusion of two 4He
nuclei takes place forming unstable
8

Be. It begins to react with other 4He

nuclei to produce 12C nuclei.

Fig. 5
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After the last fusions will have taken place the star collapses. If the star’s mass is of less than
1,44 sun masses, it will be stabilized by the forces of the Pauli exclusion principle between
the electrons (Pauli exclusion principle: the electrons are squashed together to form electron
degenerated matter, which resists any further attempts of compression). A white dwarf is
formed with a temperature of 10,000 to 100,000K.
Because a white dwarf star has no fuel remaining for fusion, it becomes cooler and cooler.
Over billions of years, it slowly cools more and more. Eventually, it becomes a black dwarf -an object too faint to be detected. A black dwarf represents the end of the life cycle of an
intermediate-mass star.
The path of Capella, a giant star:
Capella (Alpha Aurigae) belongs to the giant stars. It is the brightest star in Auriga and the
sixth brightest in the whole sky. It is a double star, either one belonging to the spectral
classes G8III and G0III with roughly the same temperature as the Sun (5,600K), a radius of
about 10 times that of the Sun, and a mass of 2.5 solar masses. This pair, separable only by
spectroscopy, lie less than 100 million km apart and orbits each other in a period of 104.02
days. In addition Capella is 70 times more luminous than the sun.
Stars like Capella can be traced on their developing path through the HRD in respect to the
Sun but with another ending. After their much shorter formation they don’t blow up as a red
giant but as a giant explosion. In the core of this giant even more heavy elements are formed
until an iron core is left. The fusion of iron atoms doesn’t result in anymore energy thus the
pressure shrinks and the core collapses. The collapse
is so enormous that the cores of the iron atoms split up
into their properties: neutrons and protons. Under the
extremely high pressure the protons melt into the free
electrons and therefore form further neutrons. A
neutron star has developed.
The sudden collapse creates a shockwave blowing up
the outer shell of the star. For a short time the rests
glow as a supernova (Fig. 6) as bright as one billion
suns.
The high compression of the star-globe at an average
of approx. 20km has many effects: The rotational
velocity increases (there are neutron stars known,
Fig. 6
rotating in less than 0,1s). The magnetic field is
because of the compression much stronger reaching a magnitude of 10 8 Tesla. These
rotating neutron stars are also called pulsars which emit detectable electromagnetic radiation
in the form of radio waves. The radiation intensity varies with a regular period corresponding
to the rotation period of the star, when the radiated beam hits earthern telescopes.
The path of Mekbuda, a supergiant:
Mekbuda ( Zeta Geminorum) is a supergiant lying in the constellation of Gemini. It belongs to
the spectral class G and is a Cepheid variable star. These kind of stars are permanently
changing their diameters, surface-temperatures and magnitudes. Mekbuda changes from
magnitude 3.7 to 4.1 and back every 10.2 days. Its temperature varies from 5,300K to
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5,700K. Besides it has a luminosity that is 3000 times bigger than that of the Sun and has a
radius of 30 times that of the Sun – Cepheids behave like that simply because they are at the
brink of death:
Stars like Mekbuda have a mass of about 60 solar masses up to 120 solar masses. They
have a short lifetime of only 10 to 50 million years spending 2 million years of it with using up
their hydrogen. After the relatively short period of pulsation they push off big masses of gas
exploding as a supernova (or also a more enormously hypernova). The rotating core is
collapsing but stars having a mass of at least 3,2 solar masses can’t stabilize themselves to
form a neutron star. In the interior of the star the compressed mass is highly concentrated: a
black hole develops having such a strong gravitation that even light can’t escape from it. The
black hole’s matter is compressed to a single point in its center, a singularity, to such a
degree that the known laws of physics no longer apply to it.
Black holes are bounded by a frame that is today known as the event horizon (discovered by
the German astronomer Karl Schwarzschild in 1915). It doesn’t have a solid, visible or
palpable surface, it is more a black border with an infinitely strong gravitation. For a nonrotating black hole, the event horizon is a spherical surface centered on the singularity at the
black hole's heart. A rotating black hole (Fig. 7) has the ergosphere beyond the event
horizon, in which everything is pulled into the
center of the black hole.
There are two types of black holes differentiated
by their masses:
- stellar black holes with a mass of 1,44 to ~15
times the mass of the Sun, and
- supermassive black holes with a mass of 105 to
1010 solar masses.
Supermassive black holes sometimes produce jets
(Fig. 8). During the “feeding” of the hole by
gaseous matter, the particles can be accelerated
Fig. 7
up to the speed of light and can then be detected
as radiation .These jets consist of particles that
rub against each other producing heat and form an
electrically charged plasma or even emit synchrotron
radiation. By means of these jets it is possible to detect black
holes.
Supermassive black holes are believed to exist in the center
of most galaxies. Most astronomers believe that the Milky
Way Galaxy contains millions of stellar black holes too.
Scientists have found a number of black holes in the Milky
Way. These objects are in binary stars (a pair of stars that
orbit each other) that give off X rays.
Because many black holes have been detected in the Fig .8
centers of various galaxies, astrophysicists think that black
holes are of high importance in terms of the development and formation of galaxies - the
birthplaces of new stars, when immense gravitational forces make interstellar material
collapse.
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Spectral analysis – reading the stellar “bar-code”:
Since we have concentrated on stars of a certain spectral class, we still need to present a
rough outline of spectroscopy. Thanks to the fact that nowadays even amateurs have access
to basic instrumental means like transmission gratings our school astronomy group could no
longer resist in taking part.
Transmission gratings with its 200 lines/mm deflect stellar photons on their path to the focal
plane of a telescope according to their “individual” wavelengths so that the traditional rainbow
colours of the continuum radiation can be detected. But since the photons have to pass the
stellar atmosphere the observer is glad to see many absorption lines, which represent a lack
of photons due to stellar elements. The chemical ongoings which absorb photons can be
simulated in earthern laboratories – that is the reason why scientists know the exact labwavelenghts of elements and molecules in order to compare them with a stellar spectrum.
The following photographs show former members of our astronomy group, who were lucky
with weather conditions and their instruments while working on Capella’s spectrum:

The transmission grating in front of the camera which is then fixed and adjusted to the telescope

The resulting spectrum is of low resolution, nevertheless the “bar-code” of absorption lines
together with an impression of the star’s (black body) radiation maximum can be figured out.

Capella’s spectrum should be compared to other stars’ spectra and by means of plotting
programs like IRIS (internet) graphic displays can be compared.
The telescope used for spectroscopy is a 10 inch Maksutov, so that only brighter stars are in
reach, because the placement of the spectra on the camera-CCD must be adjusted visually.
All in all a collection of astrophysical data can be achieved by this relatively simple method,
which is shown in the next photoshop arrangement:
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Real high-tech spectroscopy with high resolution spectra is still in progress since our
astronomy group owns the following equipment, which we could not make use of due to bad
weather. So again the gallery has to be cited:

a traditional spectrograph of the 60s adjusted to fiber optics from the telescope to the spectrograph:
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The latest result is the first 8 minutes exposure of Capella’s spectrum (Jan 23 rd, 2007), which we
compared by means of a photoshop layout to the appropriate part of the Sun’s spectrum gained last
year:

Capella is truly a G-star! (Lines compiled according to James Kaler: Extreme stars p.6)
When the original files are viewed on a computerdisplay the resolution is breath-taking!

The complete spectrum will possibly take months as well as its analysis with special regard
to the Doppler-lineshift because Cappella is a spectroscopic binary. (Further data will be
published on our homepage: www.gemini-astronomie.de )
Kind regards to ESO astronomers:
With our equipment there will be no chance of a spectrum of Mekbuda.
We therefore wish good luck to any professional astronomer, hopefully at a giant ESOtelescope, who discovers the blueshifted absorption line of a dying Cepheid some seconds
prior to its supernova.
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