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8. Different types of stars; the Sun 



Double stars 

• Three types:  
– Optical doubles: stars that appear to be 

close to each other but only due to 
perspective. Not binaries.  

– Visual binaries: stars that are orbiting each 
other due to gravity, and are separately 
visible (with a telescope).  

– Non-visual binaries: stars whose binary 
status is revealed by spectroscopy 
(spectroscopic binaries), photometry 
(eclipsing or photometric binaries), or other 
methods; not visually seen as separate 
stars. 
 

• Also multiple-star systems exist. 
– For example, Mizar-Alcor stellar sextuple 

system (6 stars!) in Big Dipper, Ursa Major. 

Sirius A (larger) and B, 
by Hubble. 

Animation: An eclipsing 
binary, with an indication 
of the variation in 
intensity (Wikipedia). 



• About binaries: 
– Very common systems; currently estimated to be even 

more common than single stars in our Galaxy. 
– Useful in estimating stellar masses: mass can be calculated 

when the orbital period is known (as stated by Kepler’s III 
law). 

– Can be classified according to the distance 
between the components:  
• Detached binaries: the stars affect each other 

only by gravity, no mass transfer. Most binaries 
belong to this class. 

• Semidetached binaries: one star is stretched to a 
shape of a droplet, matter is transferred from 
that star towards the companion. Inflowing 
matter may form an accretion disc around the 
companion. 

• Contact binaries: both stars are droplet-shaped 
and touch at one point, forming an ”8”. The stars 
may eventually merge due to friction. 

• In semidetached and contact systems, the mass 
transfer dominates the evolution and the stars 
evolve very differently compared to single stars.  

Artist’s concept of a 
semidetached binary 
where inflowing matter 
forms an accretion disc 
around the companion. 



Variable stars 

• Variable star = a star whose brightness as seen 
from the Earth (apparent magnitude) changes 
over time.  
– Two types: the true brightness of the star changes due 

to some physical processes (intrinsic variable) OR part 
of the star is sometimes obscured by, e.g., an orbiting 
companion or stellar spots (extrinsic variable).  

– Intrinsic variables are subdivided into pulsating, 
eruptive, and cataclysmic or explosive variables. 

– At first, named with letters (T Tauri, RR Lyrae), but 
currently with V+number (e.g., V1057 Cygni). 

– Tens of thousands of known variable stars. 

 

 



• Pulsating variable stars: 
– Change their brightness and size regularly or semiregularly – 

periods vary from less than a day to several years.  
– If the period is long, the change in brightness is usually 

more notable (e.g., for Mira, the magnitude changes from 2 
to 10 in about 6 months).   

– Most important group: Cepheids (named after δ Cephei), 
supergiant stars that are often used in distance estimations.  

– For cepheids, a fixed relation holds between period and 
absolute magnitude. This period-luminosity relationship 
gives the absolute magnitude for a cepheid and then its 
distance can be solved.  

– Different cepheid subclasses: Classical 
Cepheids and Type II Cepheids (W Virginis 
stars). Differ in their period-luminosity 
relationships. 

– RR Lyrae variables are somewhat similar to 
cepheids but are not as luminous. 



• Eruptive variable stars: 
– Stars that exhibit irregular brightness variations. 
– For example pre-main sequence stars, young T Tauri stars, and flare 

stars. 
– Young pre-main sequence stars and T Tauri stars, surrounded by 

protoplanetary discs, often show irregular eruptions before entering 
the main sequence.  

– Flare stars are usually much fainter than the Sun and, therefore, a flare 
eruption can change the entire brightness of the star.  

• Cataclysmic or explosive variable stars: 
– Stars that irregularly increase in brightness by a large factor. 
– Nova or dwarf nova: occurs in semidetached binaries where a white 

dwarf star is accreting matter from an ordinary companion star. When 
the accreted layer is about half a meter thick, the temperature at the 
bottom of the layer increases enough for fusion reactions and the outer 
parts of the star explode, resulting in a notable/enormous increase in 
magnitude for several weeks or even months. After this, the accretion 
process starts over. For novas, the explosions may recur over periods of 
decades to centuries or millennia but, for dwarf novas, over about a 
year or few years.   

– Supernova:  a massive star explodes at the end of its life cycle and the 
brightness suddenly increases over 20 magnitudes. Cannot be repeated. 



Compact stars 

• Compact stars are stellar remnants that are 
formed as a result of a collapse at the end of 
the life cycles of stars. 

 

• Depending of the mass of the remnant: white 
dwarfs, neutron stars, and black holes. 

 

• A ”laboratory” of physics laws in extreme 
circumstances. 



White dwarfs 

• Between 0.17-1.33 M

 but the radius only slightly larger                                  

than the Earth’s  a very dense object! 
 

• Evolutionary end state of about 97% of stars in our Galaxy (an estimate). 
 

• Most white dwarfs are composed of carbon, oxygen, and helium. The fusion 
reactions are over  the matter is pulled together by gravity, breaking the 
atom structure and conventional laws of physics. 
– The nuclei, normally kept apart by the electron orbitals, are now pressed together. 
– A white dwarf does not collapse further if its mass is less than 1.4 solar masses. 

 

• A white dwarf is very hot after formation but since it does not produce energy 
by fusion, it will gradually radiate away its thermal energy and cool down. 
When the heat is radiated away, white dwarf becomes a black dwarf (none yet 
exist – the timescale for formation is very long). 
– The coolest white dwarfs observed have surface temperatures of about 2000 K. 

 



Neutron stars 

• Are formed after a star of 15 – 20 M


 explodes as a supernova, 
leaving a 1.4 – 5 M


 core as a remnant.  

 
• Gravity pulls the core together so hard that the protons in the 

atomic nuclei and electrons meld together, forming an extremely 
dense matter composed of neutrons with no empty space. 
– The exact physics of this extreme form of matter is poorly known. 
– In the collapse, the magnetic field may become about a million times 

stronger. 

 
• The angular momentum of the original star is conserved in the 

collapse  a neutron star spins very rapidly (several hundred 
rotations per second)  their shapes become oblate spheroids. 
– A young neutron star loses energy in the form of radiation and particles, 

and this makes the rotation gradually slower: for older stars, one 
revolution takes a few seconds. 
 

– Neutron stars typically have a radius of 20 – 40 km.  

 
 



• Pulsars: 
– Neutron stars that emit steady pulses 

of radio emission, in periods of 0.001 s 
to a few seconds. 

– Particles from the supernova remnant 
fall on the magnetic poles that are not 
aligned with the rotational axis. 

– The radio beam sends ”flashes” caused 
by the impacting matter, much like a 
lighthouse. 
 

• Also X-ray pulsars and X-ray bursters 
have been observed: 
– From binary systems formed by a 

neutron star and an ordinary star  
matter flow from the ordinary star to 
the poles of the neutron star causes 
narrow pulses of X-rays. When matter 
is accreted on the top of the neutron 
star, helium can ignite and cause an 
explosion seen as an X-ray burst in 
space. 

 

Animation: a simulation 
of a pulsar. 



Black holes 
• If the core surviving the supernova has a 

mass over about 5 M


, its gravity is too 
great to stop the collapse – a black hole 
forms. 

 
• ”Black” refers to the fact that no light can 

escape the interior, making it invisible in 
space. 
 

• Black holes are observed through their 
interaction with surrounding matter. 
– Binary systems  mass flow and accretion 

discs, narrow jets. Energetic radiation. 
– Gravitational lensing: light from another 

object is curved because of the gravity field. 
 

• Black holes can – in theory – have any mass, 
but the realistic types are: 
– Supermassive black holes in galaxy centers. 
– Stellar-sized black holes (stellar remnants). 
– Micro black holes (none detected). 

 

Animation: Simulated gravitational 
lensing by a black hole going past 
a background galaxy. 



• The structure of a black hole: 
– Singularity: the location of the entire 

mass – infinite density. 
– Event horizon: an undetectable surface 

which marks the point of inevitable 
falling into singularity. The radius can 
be calculated if the mass is known (for 
1 M


, 3 km).  

– Ergosphere: an oblate-spheroid-
shaped region surrounding rotating 
black holes. Inside the ergosphere, it is 
impossible to remain stationary but an 
orbital motion around the black hole is 
possible without falling into the 
singularity (only outside the event 
horizon!). 

 

• In the collapse, the following 
characteristics are conserved: 
gravity, angular momentum, and 
electric charge (for only a very 
brief moment after the collapse). 

 
 



Sun 
• Nearest star  detailed information. 

 
• Very ordinary and common star in the Galaxy. 

– Spectral classification G2V. 

 
• Formation about 4.57 billion years ago. 

– Based on radiometric dating of the chondrites. 
– Radiation very stable for over 4 billion years. 

 
• Photospheric composition: 

– 73.5% hydrogen (H) 
– 24.9% helium (He) 
– 1.6% heavier elements (O, C, Fe, S, …)  

 

• The state of matter: plasma. 
– Partially (or completely) ionized gas, electrons and ions (or atom nuclei) moving 

separately. 
– Conductive due to free electrons – responds strongly to electromagnetic fields. 

 



• The structure of 
the Sun: 

– Core 

– Radiative zone 

– Convective zone 

– Photosphere 

– Chromosphere 

– Corona 

 
• Mass 1.989 x 1030 kg 

• Diameter 1.4 x 109 m 

• Mean density 1.4 g/cm3 

• Absolute magnitude 4.72 

• Apparent magnitude -27 
 

 

 
Artist’s conception of the inner structure (credit: Nasa). 



• The core: 
– Maximum temperature about 13.6 million K. 
– Fusion reactions (proton-proton chain). 
– Size of the energy production zone about 1/3 of the diameter of the 

Sun. 
– The photons produced are very energetic: X-ray and gamma radiation. 

Photons emitted by the surface are largely in visible, UV, and infrared 
(as the black-body radiation graph predicts). 

 
 

 
 
 
 



• Energy is transported to the surface first by 
radiation and then by convection.  
– Radiative layer begins from about 0.3 solar 

radius (temperature too cool for fusion) and 
reaches up to 0.7 solar radius. Transportation 
by radiation a very slow process! 

– Convective layer circulates plasma heaten up 
by the radiative layer surface to the 
photosphere where the plasma cools by 
emitting photons. 

 
• Photosphere – the visible surface of the Sun: 

– Temperature nearly 6000 K. 
– Different signs of activity (granulation, 

sunspots, faculas,…). 
 

• Atmosphere: 
– Chromosphere and corona can be seen 

during a total solar eclipse. 
– In the corona, the temperature rises up to an 

average of about 2 million K. 
– Outermost part, the heliosphere, extends 

outward past the orbit of Pluto. 

Corona (above) and chromosphere 
(below) as seen during a total solar 
eclipse.  



Signs of Sun’s activity 

• Granulation: 
– The surface of convective region shows 

as ”boiling” on the photosphere. 
– Centers of granules are hotter and 

brighter (rising convection), and the 
edges are cooler plasma, flowing 
towards the center.  

– Size of one granule about 1000 km.  

 

• Sunspots: 
– Magnetic field that penetrates the 

photosphere halts the convective 
motion and forms a cooler and darker 
area in the photosphere (4000-4500 K). 

– Number of sunspots reflects the 
magnetic activity of the Sun: 11 year 
cycles for maxima and minima (close to 
the next maximum in fall, 2013). 



Left: surface of the Sun.  
 
Right: an animation of the granulation visible on the 
Sun’s surface. This is caused by convection – Sun’s 
convective layer reaches all the way to the surface. 



• Faculas: 
– Bright, hot spots on the 

photosphere, concentrated 
around sunspots. 

– Make Sun slightly brighter 
during a sunspot maximum. 

– Associated with strong 
magnetic field activity, but 
exact mechanism is unknown. 

 
• Spicules: 

– Shortlived, narrow jets (~5 
mins) in the chromosphere, less 
than 10 000 km long. 

– Probably caused by magnetic 
activity. 

– Typically 60 000 spicules on the 
Sun at any time. 



• Prominences: 
– Loop-like structures. 
– Extend from the photosphere to the corona, thousands of 

km long (largest observed by SOHO was 350 000 km). 
– Lifetimes of several months (largest ones less stable) – the 

reason for stability remains unknown. 

 
• Flares: 

– Violent explosions in the photosphere, chromosphere and 
corona, often near sunspots. 

– Plasma is heated to tens of millions K; electrons, protons, 
and heavier ions are accelerated to a velocity near light 
speed. 

– Powered by a sudden release of magnetic energy 
(probably in magnetic reconnection: rearrangement of 
magnetic lines of force when two oppositely directed 
magnetic fields are brought together). 

 

• Coronal mass ejections (CMEs): 
– Massive burst of plasma moving with magnetic field lines 

and exploding into space (magnetic reconnection?). 
– May disturb radio communication, hazardous to 

astronauts and satellite electronics.  
– Eruptions may last several hours. 
– Near sunspot minimum, about 1-3 CME observed per 

week but, near maximum, 5-6 CMEs per day. 
 



Solar magnetic field 

• The Sun has a strong and changing 
magnetic field. 
– Magnetic field lines become twisted over 

time because of the differential rotation of 
the Sun’s latitudes in the convective layer: 
the equator rotates once every 25 days, 
whereas the poles rotate once every 36 
days (solar dynamo). 

– Magnetic field reverses itself about every 
11 years  this can be seen as the variation 
of Sun’s activity (sunspots, prominences, 
etc.). 

– At the end of the cycle, magnetic poles 
switch places (their polarity changes), the 
field lines straighten up and the cycle starts 
again. 

– Strength can be studied by spectroscopy 
(Zeeman effect: the spectral lines are split 
or widened in strong magnetic fields.) 

 



Solar wind 

• A stream of charged particles (mainly electrons and protons) 
ejected from the solar atmosphere with a speed over 400 km/s. 
– Causes auroras near the polar regions of planets with magnetic fields and 

atmospheres (e.g., Earth, Saturn). 

– Ion tails of comets point away from the Sun because of the solar wind. 

– Causes geomagnetic storms that may affect the electrical grids on Earth. 

– Hazardous to people (astronauts, also aircraft crew); otherwise, the Earth is 
protected by a relatively strong magnetic field. 

 

• Creates the heliosphere: a "bubble"                                             
around the Sun and the planets. 

 

• Affects the shapes of the planetary                                          
magnetospheres (as in the figure).  




