Classification of Stars by radiation
A star is a luminous body composed chiefly of hydrogen and helium that generates energy through thermonuclear fusion processes occurring in the interior.  A galaxy is a collection of stars and clouds of dust and gas bound together by their mutual gravitational attraction.

Virtually the only thing astronomers can measure is the light or other E-M radiation which stars emit.

Black body radiation
We are used to the terms red hot and white hot when applied to sources of heat.  We are also aware that hot objects emit radiation at infrared wavelengths. This behaviour of hot objects and the E.M. radiation they produce was investigated at the end of the 19th century and contributed to the development of quantum theory by Max Planck.

The visible spectrum of a star represents the light emerging from its photosphere – its outer layers – and can be used to determine a great deal about the physical properties of the star itself.  The underlying continuous shape of a star’s spectrum is approximately that of a black-body and this is what gives a star its overall colour.

A black-body is a perfect emitter/absorber and absorbs all the E.M. radiation that falls on it (in practical terms it is the hole in the wall of an oven, painted black on the inside).  A black body has a characteristic shape spectrum that varies with temperature. 
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Thus the predominant colour from the peak of a stars spectrum gives information on how hot the star is.  Hotter stars will therefore produce more of their light at the blue/violet end of the spectrum and will appear white or blue-white. Cooler stars look red as they produce more of their light at longer wavelengths. When analysing the light from stars in this way it is assumed that the star acts as a black body, and that no light is absorbed or scattered by material between the star and observer.
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Why are there no green stars?

The reason there are no stars that look green is due to the position of green in the electromagnetic spectrum.  It is in a narrow range of wavelengths sandwiched between blue and yellow.  Light from a star is not just emitted from the peak wavelength at green but at other wavelengths as well.  Therefore there will be blue and red as well.  Combining the three primary light colours of red, blue and green produces white light.  Hence any stars with their peak in green appear white.

Wien’s displacement law

[image: image4.emf]The graph shows that the hottest object (P) has a peak at the shortest wavelength. In fact, the relationship between the wavelength of the peak, λmax, and the temperature, T, is called Wien’s displacement law:
λmax is measured in metres and T is the absolute temperature measured in kelvin, K.

Stefan’s Law

[image: image5.emf]Stefan’s law relates the total power output, P, of a star to its black body temperature, T, and it’s surface area, A.
where σ is called Stefan’s constant and has the value 5.67 × 10-8 W m-2 K-4.

The law is sometimes called the Stefan-Boltzmann Law as it was derived by Stefan experimentally and independently by Ludwig Boltzmann from theory.
Qualitative comparison of two stars

The law tells us that, if two stars have the same black body temperature (are the same spectral class), the star with the brighter absolute magnitude has the larger diameter. This fact is very important when interpreting the Hertzsprung-Russell diagram, which is considered shortly.  It is quite common for Stefan.s Law to be used qualitatively when comparing the size of stars.

For example, Antares and Proxima Centauri are both M class stars. Although they have

approximately the same black body temperature, Antares is one of the brightest stars, with an absolute magnitude of .5.3, and Proxima Centauri is one of the dimmest, with an absolute magnitude of 15. It is not surprising to work out, therefore, that the diameter of Antares is approximately 5500 times that of Proxima Centauri.

This YouTube clip is one of several which shows a comparison of stars

http://www.youtube.com/watch?v=z7lHgvGhHo4&feature=related.
Quantitative use to determine the diameter of a star

Consider two stars of black body temperatures T1 and T2. If the ratio of their power output

(P1/P2) is known, Stefan.s law can be used to calculate the ratio of their diameters, d1/d2
[image: image7.emf]This equation is also useful when considering how the size of a star must change as it goes through its life cycle.

The inverse-square law

[image: image6.emf]There are several inverse square laws in Physics. Essentially any property which reduces to a quarter of its original value when you double the distance follows an inverse square law

Uses of the inverse square law

Using this equation, the intensity of a light source can be determined at different distances.

For example, if the Sun is used to provide the energy for solar cells on a space probe, the

equation can be used to determine what happens as the probe gets further from the Sun.

The inverse square law can also be used to estimate the power output of different objects.

For example, Doppler shift information suggests that some quasars are billions of light years away. Using the inverse square law, it can be shown that the power output of a quasar must be equivalent to that of a whole galaxy.
Assumptions in its application

Use of the inverse square law assumes that no light is absorbed or scattered between the

source and the observer and that the source can be treated as a point.
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